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CHAPTER  1 .  INTRODUCTION 


1-1.  PURPOSE.  The  purpose  of  this  document  Is  to  provide  the  test  teams  with 
information  of  a  general  and  technical  nature  which  may  be  useful  during  their 
evaluation  of  wideband  communications  systems.  It  Is  basically  a  compendium 
of  instructional  notes  and  technical  papers  developed,  or  compiled,  by  the 
6th  Signal  Command  TEP  Detachment^ 

1-2.  SCOPE .0>Chapter  2  of  this  handbook  covers  the  general  administrative 
and  logistical  information  on  the  conduct  of  the  tests,  care  and  protection 
of  assigned  equipment  and  the  basic  responsibilities  of  the  test  personnel. 
Chapter  3  covers  report  processing  and  submission,  and  contains  Instructional 
information, 

f  Appendix  A  is  a  sample  TEP  report.-^ 


c  Appendix  B  provides  information  and  procedures  for  preparing  predicted 
performance  levels  on  which  to  compare  the  data  measured  by  the  field  test 
teams. -^Transmitter  deviation,  receiver  quieting  curves  and  bandwidth  calc¬ 
ulations  are  discussed  in  this  section.  This  calculated  data  along  with  the 
path  performance  calculations  provides  a  base  of  theoretical  data  that  can 
be  compared  with  measured  results  to  determine  the  performance  quality  of  a 
system.  An  attempt  has  been  made  to  cover  the  basic  analysis  procedures 
necessary  to  arrive  at  an  Intelligent  conclusion  as  to  system  performance. 

It  should  not,  however  be  considered  the  answer  to  all  problems  that  may  be 
encountered  by  the  field  test  teams.  It  Is  anticipated  that  this  document 
will  be  updated  as  additional  Information  and  Improved  test  procedures  are 
developed  by  evaluation  personnel. 


^  Appendix  C  contains  detailed  information  on  the  analysis  of  the 
measured  test  results  and  the  correlating  of  this  Information  into  a  mean¬ 
ingful  analysis  of  system  performance.'-  In  this  appendix  the  major  test 
results  are  examined  with  respect  to  system  performance,  and  with  applica¬ 
tion  to  trouble  shooting  and  equipment  Improvement. 

L  Appendix  D  provides  a  method  of  summarizing  the  test  results  and 
comparing  the  results  to  the  calculated  performance  values..  This  will 
provide  the  team  chief  with  a  final  look  at  the  collected  data  and  aid 
in  the  preparation  of  Volume  1  of  the  final  test  report.  .  ■ 

v  Appendix  E  contains  typical  noise  performance  specifications  for 
various  multiplex  equipments,  and  block  and  level  diagrams  of  selected 
equipment.  It  also  provides  a  listing  of  microwave  and  troposcatter  equip 
ment  employed. within  each  subordinate  command,  and  Includes  typical  block 
and  level  drawings,  noise  power  ratio  curves  and  receiver  quieting  curves 
based  on  the  manufacturer's  specifications  cr  empirical  data  collected  by 
the  test  teams.  \The  manufacturer's  specification  for  each  test  compared 
to  the  design  objectives  contained  in  the  applicable  MILSTD's  are  also 
included  for  use  «n  comparing  measured  results  to  expected  performance. 
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""'"Appendix  F  contains  extracts  of  technical  literature  obtained  from 
commercial  sources  that  will  aid  In  the  calculation  of  system  performance.^ 

As  stated  previously,  this  document  Is  not  the  answer  to  all  problems 
or  anomalies  that  may  be  encountered  by  the  test  teams.  The  teams  will 
find  that  In  many  cases  extensive  research  will  be  required  In  order  to 
arrive  at  a  logical  conclusion  to  a  problem  area,  and  when  this  research 
results  In  new  Information  that  will  be  of  value  to  other  Team  Chiefs, 
they  are  encouraged  to  provide  the  Information  for  Inclusion  into  this  CCP. 

1-3.  ACKNOWLEDGEMENTS  AND  REFERENCES.  The  US  Army  Communications  Command 
expresses  its  appreciation  to  the  following  for  material  used  directly,  or 
Indirectly,  in  this  CCP: 

Telecommunications  Technology,  Inc.  "Taking  The  Mystery  Out  of  Phase  Jitter 
Measurement",  by  Elton  Cookson  and  Charles  Volkland,  Telephony  Magazine, 
September  1972. 

Jaimes  G.  Biddle  Co.  "Getting  Down  To  Earth",  Booklet  25T,  1970. 

Hewlett-Packard  Co.  "Noise  Figure  Primer",  HP  Application  Note  57, 

January  1965. 

Mlcroflect  Co.,  Inc.  "Radiation  Patterns  And  The  Passive  Repeater",  1971. 

The  Lenkurt  Demodulator.  "Take  The  Mystery  Out  of  Microwave  Literature", 

July  1962. 

The  Bell  System  Technical  Journal.  "Intermodulation  In  Tropospheric  Radio 
Systems",  January  1963. 
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Using  Large  Passive  Reflectors",  April  1962. 
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And  Noise  In  Electrical  Communl cations"1,  Chapter  6,  McGraw-Hill  Book  Co., 
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Panter,  P.F.  "Communications  System  Design";  McGraw-Hill  Book  Co.,  1972. 
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1-4.  COMMENTS  ON  PUBLICATION.  Users  of  this  publication  are  encouraged  to 
«  submit  recommended  changes  or  comments  to  Improve  the  publication.  Comments 
should  be  keyed  to  the  specific  page,  paragraph,  and  line  of  the  text  In  which 
the  change  Is  reconnended.  Rationale  should  be  provided  for  each  comment  to 
Insure  understanding  and  complete  evaluation.  Comments  should  be  prepared 
using  DA  Form  2028  (Reconnended  Changes  to  Publications)  and  submitted 
directly  to  "Commanding  General,  US  Army  Communications  Command,  ATTN:  CC- 
OPS-OX,  Fort  Huachuca,  Arizona  85613". 


CHAPTER  2.  PROGRAM  CONCEPTS  AND  REQUIREMENTS 

2-1.  GENERAL.  This  chapter  provides  general  administrative  procedures  to 
the  test  team  for  accomplishing  the  program  directives  as  outlined  In  DCAC 
310-70-57. 

2-2.  PROGRAM  OBJECTIVES  AND  BACKGROUND. 

a.  The  USACC  Technical  Evaluation  Program  was  established  In  1970  to 
provide  for  regularly  scheduled  technical  evaluations  of  the  DCS  wideband 
facilities  operated  and  maintained  by  USACC  worlAvide.  The  results  of  these 
evaluations  are  to  be  used  to  Identify  those  systems  requiring  replacement 
or  upgrade,  standardization  and  Improvement  of  on-site  operating,  maintenance, 
and  logistical  procedures-,  establishment  of  a  baseline  of  equipment  and  system 
performance;  and  to  develop  a  data  base  of  equipment  and  system  performance 
characteristics  to  be  used  for  cost  effective  time  phased  modernization  of 
the  DCS  facilities. 

h.  The  Initial  evaluation  program  established  by  OCAC  300-195-4  provided 
for  the  evaluation  of  wideband  systems  only.  This  program  has  since  been 
expanded  by  DCAC  310-70-57  to  Include;  the  evaluation  of  AUTOSEVOCOM,  SATELLITE 
and  T'TOVON  subsystems  of  the  DCS.  It  Is  anticipated  that  additional  subsystems 
of  the  DCS  and  eventually  th?  non- DCS  facilities  will  be  Incorporated  Into  the 
program.  This  CCP  Is  designed  primarily  around  the  evaluation  of  wideband 
line  of  sight  (LOS)  and  tropospheric  scatter  systems,  however,  some  of  the  data 
contained  he-eln  may  be  apollcable  to  types  of  other  subsystems. 

c.  With  the  Installation  of  the  World  Wide  Technical  Control  Improvement 
Program  (WWTCIP)  and  automation  equipment  under  the  Automated  Technical  Control 
Program  (ATEC),  It  is  anticipated  that  the  role  of  the  evaluation  teams  will 
change  during  the  late  1970's.  Currently,  the  test  teams  are  deployed  on  a 
scheduled  cyclic  basis  with  an  objective  of  evaluating  all  systems  a 
minimum  of  every  two  years,  or  more  often  If  required.  The  completion  of  the 
Automated  Technical  Control  Program  (ATEC)  should  result  In  the  test  teams 
assuming  a  more  positive  role  in  the  overall  Quality  Assurance  Program.  It 
is  anticipated  that  the  data  obtained  from  the  automation  techniques  will 
provide  for  more  efficient  scheduling  of  the  resources.  These  teams  would 
provide  a  nucleus  of  highly  trained  and  experienced  personnel  that  could 
be  deployed  on  short  notice  to  restore  a  system  to  an  operational  condition 
and  to  improve  system  performance  when  analysis  of  the  data  provided  by 
ATEC  reveals  the  system  is  approaching  a  threshold  condition.  It  must  be 
recognized  that  not  all  stations  will  be  equipped  with  ATEC  and  these  must 
still  be  scheduled  for  a  routine  evaluation.  Further,  the  test  teams  will 
still  be  required  for  the  forseeable  future  in  order  to  establish  or  revise 
the  threshold  parameters  for  ATEC. 
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2-3  OPERATIONS. 

a.  The  wideband  evaluation  test  teams  have  been  provided  to  accom¬ 
plish  the  objectives  outlined  in  DCAC  310-70-57.  These  teams  will  not 
normally  be  diverted  to  other  missions  except  when  an  emergency  situation 
arises  which  necessitates  a  temporary  diversion  from  their  primary  mission. 

b.  The  test  teams  will  be  deployed  based  on  the  master  test  schedule 
and  the  period  of  deployment  will  vary  depending  on  the  complexity  of  the 
facility  to  be  evaluated,  transportation  problems  and  the  amount  of  effort 
required  to  optimize  the  equipment  and  link  parameters.  As  a  general  rule 
an  objective  of  three  wideband  links  will  be  successively  scheduled  for 
each  test  team.  It  is  anticipated  that  the  three  link  tests  should  not 
exceed  60  days  in  duration  (with  an  objective  of  45  days),  at  which  time 
the  test  teams  would  return  to  their  parent  station. 

c.  During  the  time  that  the  test  teams  are  not  on  TDY  performing 
an  evaluation  of  wideband  systems  in  accordance  with  the  master  test 
schedule,  they  will  analyze  the  raw  test  data,  review  test  procedures, 
develop  revised  and/or  new  procedures,  and  prepare  detailed  maintenance 
and  operations  procedures  for  the  coirmuni cations  equipment  employed  within 
USACC.  Additionally,  the  systems  located  in  the  proximity  of  the  test 
teams  base  will  be  scheduled  for  a  cyclic  evaluation  during  the  times  that 
the  teams  are  not  on  TDY  to  other  geographical  areas. 

2-4.  RESPONSIBILITIES. 

a.  TEAM  CHIEF  (7750/7601/0856) 

(1)  Supervising  the  test  team  activities  and  insuring  all  data  is 
collected  and  analyzed  on  a  daily  basis  and  that  required  reports  are 
prepared  as  outlined  in  Chapter  3. 

(2)  Implementing  deviations  to  test  procedures  as  may  be  required  and/or 
approved  to  insure  the  collected  data  is  complete  and  valid. 

(3)  Assisting  the  test  technicians  in  monitoring,  setting  up  of  test 
configurations  and  data  collection. 

(4)  Coordinating  test  activities  with  the  command  point  of  contact, 
other  test  teams  and  personnel  as  required. 

(5)  Insuring  that  all  test  equipment  is  accounted  for,  properly  main¬ 
tained,  and  protected  from  loss. 

(6)  Coordinating  system  downtime  as  may  be  required  and  maintaining  a 
historical  journal  of  all  activities  while  on  site. 
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(7)  Formulating  test  procedures  when  the  procedures  contained  In 
DCAC  310-70-57  are  incomplete  or  are  not  adaptable  to  the  particular 
equipment  being  evaluated.  Authorizing  minor  deviations  to  the 
established  procedures,  fully  documenting  the  change  and  Insuring  the 
data  elements  remain  essentially  unchanged. 

(8)  Directing  system  adjustments  to  Improve  the  performance  and 
the  validity  of  the  test  data  being  collected. 

(9)  Reviewing  the  test  procedures  contained  in  DCAC  310-70-57  and 
providing  recommended  changes  or  additions  that  may  be  required  to 
Improve  the  program. 

(10)  Insuring  that  the  completed  data  package  and  summary  of  the 
test  results  are  forwarded  to  the  TEP  detachment  within  five  days  of 
test  completion. 

(11)  Notifying  the  in-country  coordinator  of  the  desired  date  and 
time  recommended  for  the  out  briefing.  Notification  should  be 

given  at  least  four  working  days  prior  to  the  date  scheduled  for  the 
briefing. 

(12)  Providing  the  operating  unit,  site  personnel,  O&M  Commander  and 
the  local  DCA  representative  with  an  out  briefing  at  the  conclusion  of  the 
evaluation. 

(13)  Providing  the  O&M  Command  in  writing,  a  list  of  on-going 
corrective  actions  required  to  improve  the  system  performance. 

(14)  Directing  sufficient  diagnostic  testing  to  isolate  a  problem 
or  potential  problem  and  providing  positive  recommendations  to  correct 
any  noted  anomalies. 

(15)  Providing  the  in-country  coordinator  a  telephonic  report  on  a 
daily  basis  as  to  the  status  of  testing,  problems  encountered  or  other 
areas  that  may  be  of  interest  to  the  TEP  detachment  headquarters. 

(16)  Advising  the  in- country  coordinator  of  TMDE  that  has  become 
non-operational  on  a  daily  basis. 

(17)  Performing  a  detailed  Inventory  of  all  equipment  in  conjunction 

'  with  the  replacement  team  chief  or  in-country  coordinator. 

(18)  Advising  the  detachment  headquarters  directly  of  any  problems 
encountered  which  would  influence  the  test  results  or  cause  an  alteration 
of  the  test  schedule. 

(19)  Insuring  that  the  final  test  data  is  representative  of  the  system 
capability. 
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(20)  Maintaining  a  journal  throughout  the  period  of  testing  to  reflect 
all  significant  items  occurring  during  the  evaluation.  As  a  minimum  the 
journal  will  include: 

(a)  Start  and  stop  time  for  all  testing. 

(b)  Acquisition  of  systems  or  circuits  for  testing  and  release  to  the 
uset  or  time  of  notification  to  the  technical  controller  or  site  personnel 
that  the  tesl  sequence  has  been  completed. 

(c)  Arrival  and  departure  times  of  tert  personnel. 

(d)  difficulties  encountered  in  technical,  logistical  or  admi¬ 
nistrative  areas. 

(21)  Assuming  responsibility  for  the  health,  welfare,  morale  and 
i  onduqt  of  assigned  team  members  when  in  a  test  status. 

(22)  Reviewing  and  submitting  team  travel  vouchers  as  a  single 
package  to  the  Commander,  TED  within  3  working  days  upon  return  to 
detachment  headquarters. 

(23)  Assuring  adherence  of  all  team  members  to  locally  published 
dress  standards  within  the  command  being  evaluated. 

(24)  Other  duties  as  assigned. 

b.  SENIOR  MICROWAVE  TECHNICIANS 

(1)  Conducting  the  test  and  measurements  in  accordance  with  OCAC 
310-7O-S7  and  CCP  Regulation  1013-4. 

(,')  Completing  the  required  data  elements  for  all  test  data  collected 
and  insuring  the  data  is  valid,  legible  and  is  representative  of  the 
system  potential. 

(3)  Initiating  corrective  adjustment,  maintenance  and/or  alignment  of 
the  radio  and  multiplex  equipment  in  coordination  with  site  personnel. 

(4)  Insuring  the  test  equipment  is  performing  properly,  testing 
techniques  are  correct  and  the  data  being  collected  is  accurate. 

(b)  Performing  organizational  maintenance  on  all  assigned  equipment. 

(6)  Other  duties  as  assigned. 

c . .  IN-COUNTRY  COORDINATOR. 

(1)  Providing  a  cenlralized  point  of  contact  for  all  test  activities 
within  the  geographical  area  being  evaluated. 
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(2)  Remaining  cognizant  of  dally  testing  activities  and  maintaining 
a  journal  of  these  activities.  A  copy  of  the  journal  will  be  turned  into 
the  detachment  for  review*  and  action  as  required,  on  a  monthly  basis. 

(3)  Initiating  requests  for  authorized  outage  as  may  be  required 
and  initiating  follow-up  action  as  necessary  in  monitoring  the 
progress  of  the  request.  The  request  will  be  provided  the  O&M  Command 
ir.  writing  approximately  30  days  in  advance  of  the  requested  outage. 

(4)  Coordinating  with  the  team  chiefs  and  the  O&M  Command  to  establish 
a  mutually  agreeable  date  and  time  for  briefing  the  O&M  Command  on  the 
condition  of  each  link  evaluated.  Notification  of  the  date  and  time  for 
the  briefing  will  be  In  writing  and  will  also  be  provided  to  the  appropriate 
in-country  DCA  representative. 

(5)  Receiving  defective  or  non-operatlonal  test  equipment  from  the 
test  teams  and  replacing  the  equipment  from  the  Operational  Readiness 
Float  (ORF)  insofar  as  possible. 

(6)  Insuring  that  non-ope rational  test  equipment  is  turned  into  the 
appropriate  maintenance  activity  on  an  expedited  basis.  In-country  repair 
facilities  will  be  used  to  the  maximum  extent  possible;  however,  equipment 
may  be  evacuated  to  the  detachment  when  deemed  appropriate.  Equipment 
evacuated  to  the  detachment  must  be  adequately  packed  for  protection  in 
transit  and  insured  where  applicable.  The  U.S.Mail  Service  will  be 

used  for  evacuating  defective  equipment  to  the  detachment  whenever  possible. 

(7)  Maintaining  adequate  records  to  reflect  the  status  of  all 
detachment  test  equipment  located  in  the  geographical  area  being 
evaluated. 

(8)  Arranging  for  movement  of  test  equipment  between  test  teams 
when  necessary  to  insure  that  the  required  on  site  tests  are  completed. 

(9)  Planning  in-country  transportation  requirements  for  personnel 
and  equipment  and  insuring  that  the  O&M  Comnands  are  provided  the 
requirements  in  writing  far  enough  in  advance  to  preclude  changes  to 
the  test  schedule.  An  objective  of  not  less  than  10  days  prior  notice 
Is  established  for  this  purpose. 

(10)  Controlling,  issuing,  shipping,  accounting  for,  and  turn-in  of 
ORF  equipment. 

(11)  Performing  periodic  Inventories  of  all  detachment  assets  located 
in  the  area  being  evaluated. 

(12)  Inventorying,  securing  and  maintaining  operational  cont'ol  over 
all  vans  and  equipment  not  on  hand  receipt  to  a  team  chief.  On 
completing  the  inventory,  the  receiving  party  will  receipt  for  and  be 
responsible  for  tie  equipment. 
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(13)  Arranging  for  billeting,  messing,  and  transportation  for  test 
personnel  prior  to  their  arrival  in-country.  To  acconplish  this,  it  may 
be  necessary  for  the  coordinator  to  visit  the  sites  to  be  .evaluated. 

ResuUs  of  the  visit  or  coordination  on  the  availability  of  transportation, 
quarters,  messing  and  related  Information  will  be  provided  the  detachment 
headquarteis  by  electrical  transmission  after  coordinating  with  the  O&M 
Command. 

(14)  Providing  arriving  test  personnel  with  an  in-briefing  on  local 
customs,  regulations,  policies,  and  restrictions  that  may  influence  their 
activities. 

M5)  Other  duties  as  assigned  and  as  delineated  by  the  Detachment 
Comikinder. 

2-5.  ADMINISTRATIVE  REQUIREMENTS. 

a.  WEARING  THE  UNIFORM.  All  personnel  are  required  to  comply  with 
the  uniform  standards  outlined  in  Department  of  Army  Regulations. 
Additionally,  personnel  are  required  to  review  and  comply  with  the  local 
conmand  policies  on  wearing  the  uniform  pertaining  to  the  geographical 
TDY  area.  The  appropriate  uniform  will  be  worn  during  normal  duty  hours 
unless  the  wearing  of  civilian  clothing  is  encouraged  by  the  host  command. 

b.  TDY  ORDERS.  All  TDY  Orders  will  be  prepared  and  processed  by 
the  detachment  in  sufficient  time  to  permit  orderly  planning  by  affected 
personnel.  The  orders  will  normally  require  that  personnel  utilize,  to 
the  maximum  extent  possible,  government  quarters,  mess  and  transportation 

to  include  MAC  Facilities.  When  it  is  impracticable  to  use  these  facilities 
or  their  use  would  adversely  affect  the  test  teams  mission,  or  they  are  not 
available,  the  orders  will  be  appropriately  annotated.  In  the  event  quarters 
and  rations  are  available  in  a  particular  area  and  the  team  chief  determines 
,iat  the  use  of  such  facilities  would  adversely  affect  the  mission,  he  will 
prepare  and  submit  a  written  certification  so  that  an  appropriate  amendment 
to  the  original  orders  can  be  Initiated. 

2-6.  LOGISTICAL  SUPPORT. 

USACC  Subordinate  Commanders  have  been  assigned  responsibility  for  logistical 
support  of  the  TEP.  This  support  includes,  but  is  not  limited  to;  transpor¬ 
tation,  billeting  and  messing.  Prior  to  arrival  of  the  test  teams  in  the 
test  area,  the  Commander,  TCD  will  insure  that  adequate  coordination  has  been 
effected  with  the  supporting  USACC  Commander.  To  this  end,  team  chiefs  will 
be  responsible  for  insuring  that  their  personnel  comply  with  any  and  all 
support  agreements. 
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CHAPTER  3.  REPORT  PROCESSING  AND  SUBMISSION 


3-1.  GENERAL. 

«i.  The  fEP  raw  test  data  is  to  be  analyzed  and  reduced  to  the  format 
shown  in  Appendix  A.  The  data  entered  in  this  report  will  be  based  on 
the  final  test  data,  after  all  preliminary  tests,  adjustments  and/or  repairs 
have  been  accomplished. 

b.  The  TEP  report  will  consist  of  three  volumes  for  each  link  and  will 
be  assembled  as  follows: 

(1)  Volume  I:  Results  of  the  data  reduction  and  analysis  of  the 
final  test  data  for  both  ends  of  the  link.  The  required  content  and  format 
for  this  volume  is  shown  in  Appendix  A. 

(2)  Volume  II:  Copies  of  the  final  raw  test  data  for  Station  A 
(less  chart  recordings,  which  are  to  be  retained  by  the  TEP  activity  until 
the  link  is  reevaluated). 

(3)  Volume  III:  Copies  of  the  final  raw  test  data  for  Station  B 
(less  chart  recordings,  which  are  to  be  retained  by  the  TEP  activity  until 
the  link  is  reevaluated). 

c.  Entries  on  the  raw  test  data  forms  included  in  Volumes  II  and  III 
are  to  be  typed  or  printed  to  assure  they  are  legible.  Further,  the  data 
entries  should  be  checked  for  completeness,  accuracy,  neatness  and  validity 
(Reproduced  copies  must  be  fully  legible). 

d.  An  index  of  the  report  contents  will  be  inserted  in  the  front  of 
each  volume  similar  to  the  format  contained  in  Appendix  A. 

e.  The  data  used  for  completing  Volume  1,  and  the  raw  test  data 
provided  In  Volumes  II  and  III  will  be  the  final  test  data,  taken  after  all 
possible  maintenance  and/or  adjustments  have  been  accomplished  by  the  TEP 
teams  and/or  site  personnel.  Preliminary  test  data  will  not  be  included  In 
these  reports,  however,  it  may  be  used  by  the  TEP  team  in  preparing  the 
team  chief's  comments. 

f. .  The  team  chief  will  maintain  a  journal  throughout  the  test  period. 
The  journal  should  be  used  as  a  historical  record  of  events  during  the  time 
that  Lest  personnel  are  on  site,  and  as  a  source  of  information  for  out- 
briefing  the  O&M  commander.  The  journal  will  contain  information  such  as 
the  following: 

(1)  Start  and  stop  times  of  all  tests. 

(2)  Problems  encountered  with  on-site  equipment  or  equipment  organic 
to  the  AN/TSM-125  test  set. 

(3)  Transportation,  billetirg,  mess,  and  related  support  facilities. 
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(4)  Acquisition  time  for  any  system  outage  and  the  time  that  the 
system  was  turned  back  for  operations  to  the  local  personnel. 

3-?  LINK  PERFORMANCE  CHARACTERISTICS  (VOLUME  I).  This  volume  of  the 
test  report  contains  the  evaluation  of  the  performance  characteristics 
and  tabulation  of  pertinent  data  on  the  DCS  link  or  subsystem  tested, 
lho  required  content  and  format  for  this  report  is  shown  in  Appendix  A. 

A  brief  description  of  the  contents  to  be  contained  in  each  paragraph 
of  the  report  is  shown  below.  Paragraphs  below  correspond  to  those 
listed  in  Appendix  A,  and  are  therefore  keyed  to  the  format  of  Appendix  A. 

1.0  General:  This  paragraph  contains  a  short  description  of  the  reports 
content  including  such  information  as  the  test  period,  O&M  element,  test 
team  composition,  key  personnel  contacted  and  selected  link  and  equipment 
parameters  as  shown  in  Tables  I  and  II  of  Appendix  A.  Details  should  also 
be  included  in  this  paragraph  on  any  denial  of  requests  for  AO  to  perform 
the  required  tests. 

2.0  Include  information  on  the  design  number  of  channels  on  which  path 
performance  calculations  and  equipment  NPR  loading  tests  were  based  and  a 
tabulation  of  median  noise  as  shown  in  Tables  III  and  IV  of  Appendix  A. 

2.1  thru  2. XX*  These  paragraphs  contain  interpretive  discussion  of  the 
test  results,  any  anomalies,  discrepancies  or  deviations  from  expected 
results  (path  calculations,  design  standards,  manufacturer's  specifications 
and  test  and  acceptance  data)  must  be  included  in  the  discussion. 

Deficiencies  attributed  to  the  O&M  element  which  were  not  corrected  by  the 
test  teams  or  site  personnel  prior  to  collecting  the  final  test  data  must 
be  discussed  in  detail  with  supporting  documentation.  Deficiencies  which 
an>  corrected  by  either  the  test  team  or  site  personnel  prior  to  recording 
of  the  final  test  data  will  be  documented  in  the  team  chief's  comments  of 
the  applicable  data  sheets. 

3.0  This  paragraph  of  the  report  will  be  used  to  list  the  graphical 
presentation  of  the  performance  characteristics  of  the  major  equipment  on 
the  link.  As  a  minimum  the  following  will  be  included  in  the  report  for 
each  station  tested: 

a.  Equipment  NPR  vs  Baseband  Loading. 

b.  Receiver  AGC  &  FM  Quieting  vs  RSI. 

I  he  fi'pire  numbers  outlined  in  Appendix  A  will  be  expanded  within  the 
same  numerical  designation  (link  or  loopback)  as  may  be  required  to  include 
all  combinations  tested. 

4.0  Ihis  paragiaph  of  the  report  will  be  used  to  list  the  graphical 
presentation  of  the  link's  transmission  quality  as  determined  ,at  each  end 
of  the  link-  These-  transmission  quality  indicator  graphs  will  be  obtained 
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primarily  from  the  strip  chart  recordings.  As  a  minimum,  the  graphs  listed 
in  Appendix  A  will  be  Included  in  the  report.  The  figure  numbers  may  be 
expanded  within  the  same  numerical  designation  as  required  to  cover 
additional  tests  or  for  clarification  of  the  test  data. 

5.0  Omitted  and  Incomplete  Tests:  A  listing  in  tabular  form  of  all 
tests  which  were  omitted,  incomplete  or  which  Drovided  invalid  data  will  be 
contained  in  Table  V.  As  shown  In  Appendix  A,  a  concise  statement  will  be 
entered  in  the  remarks  column  to  explain  the  reason  for  the  incomplete  or 
invalid  test  data. 

6.0  Conclusions:  This  paragraph  should  contain  the  conclusions 
reached  as  a  result  of  the  evaluation  of  the  reduced  data  and  test  results. 

7.0  Technical  Recommendations:  The  reconmendations  should  provide  a 
reasonable  solution  for  correcting  any  problems  or  deficiencies  which  could 
not  be  corrected  on  site.  Recommendations  must  be  in  sufficient  detail  to 
insure  that  timely  corrective  actions  can  be  accomplished. 

8.0  Link  Data  Tabulation:  The  contents  of  this  paragraph  will  include 
those  elements  listed  in  Appendix  A.  All  elements  will  be  listed  and  NA 
will  be  entered  for  elements  not  applicable  to  a  particular  station.  DNA 
will  be  entered  where  the  required  data  was  not  available.  Separate  data 
sheets  for  troposcatter  and  microwave  links  are  inclosed. 

9.0  Station  Data  Tabulation:  The  required  data  elements  are  shown  in 
Appendix  A.  All  elements  will  be  listed  and  NA  will  be  entered  for 
elements  not  applicable  to  a  particular  station.  DNA  will  be  entered  where 
the  required  data  was  not  available.  Separate  data  sheets  for  troposcatter 
and  microwave  links  are  Inclosed. 

10.0  Miscellaneous  Station  Information:  The  information  required  in 
this  paragraph  is  listed  in  Appendix  A  and  is  self-explanatory. 

3-3.  REQUIRED  TESTS.  The  tests  listed  below  are  the  minimum  required  to 
be  performed  at  each  end  of  the  link  in  order  to  provide  a  complete  and 
comprehensive  test  report.  Test  procedures  used  and  documentation  of  test 
results  will  be  in  accordance  with  DCAC  310-70-57.  All  audio  series  tests 
are  to  be  performed  at  the  equal  level  board  on  a  minimum  of  three  channels 
per  group  unless  noted  otherwise. 

a.  Audio  Series  Tests 


(1)  In-Service  Customer  Levels  (T-3) 

(2)  1  kHz  Test  Tone  Level  (T-4) 

(3)  Idle  Channel  Noise  (T-8) 

(4)  Impulse  Noise  (T-9).  Record  the  Impulse  noise  on  three 
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channels  per  group  for  a  minimum  of  15  minutes  per  channel.  After  complet¬ 
ing  the  initial  15  minute  impulse  noise  count  test,  establish  a  long  term 
impulse  measurement  on  a  minimum  of  three  channels  from  those  previously 
testpd.  The  long  term  impulse  count  will  be  a  minimum  of  eight  (8)  hours 
Juration  and  should  be  conducted  during  a  period  of  heavy  traffic  loading. 


(5)  Voice  Channel 

(6)  Voice  Channel 

(7)  Voice  Channel 

(8)  Voice  Channel 

(9)  Voice  Channel 


Frequency  Response  (T-10  or  T-ll) 
Delay  Distortion  (T-12  or  T-13) 
Harmonic  Distortion  (T-14) 

a) 

Frequency  Translation  (T-15) 

Phase  Jitter  (T-16  or  T-17) 


(10)  Voice  Channel  Crosstalk  (T-18) 


(11)  Voice  Channel  Bit  Error  Rate  (T-19).  A  minimum  of  one  channel 
per  link  at  each  station  will  be  evaluated.  The  measurements  will  be  time 
correlated  with  other  recorded  parameters  as  listed  under  the  recording 
lests.  The  tests  will  be  for  a  minimum  of  eight  hours  on  each  channel 
tested  and  the  results  will  be  graphically  depicted  in  paragraph  4  of  the 
report. - 

b .  Radio  Series  Tests 

(1)  Radio  Equipment  Noise  Power  Ratio  vs  Baseband  Loading,  RF 
and/or  IF  Loopback  (T-22). 

(2)  Link  Noise  Power  Ratio  vs  Baseband  Loading  (T-23) 

(3)  Baseband  Level  and  Frequency  Response  (T-24) 

(4)  RF/IF  Spurious  Emissions  (T-25) 

^5)  Transmitter  Carrier  Frequency  Accuracy  (T-27) 

(6)  Transmitter  Modulator  Frequency  Deviation  (T-29) 

(7)  Transmitter  Output  Power  and  VSWR  (T-30) 

(8)  RF  Exciter  and  Power  Amplifier  Bandwidth  (T-31) 

(9)  Receiver  RSL  vs  A6C,  IF  and  FM  Quieting  (T-34) 

(10)  RF  Receiver  Pre-ampl i fier  Gain  and  Ban&ridth  (T-35) 

(11)  Total  Receiver  Noise  Figure  (T-36) 
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(12)  Pre-anpllfler  and  Preselector  Bandwidth,  Gain  and  Noise 
Figure  (T-35) 

(13)  Receiver  Local  Oscillator  Accuracy  (T-37) 

(14)  Receiver  IF  Bandpass,  FM  Discriminator  Characteristics  (T-39) 

(15)  Transmit  and  Receive  Baseband  Sweeo:  This  test  consists  of 
examining  the  baseband  spectrum  with  the  Sierra  128  and  display  unit  with 
particular  attention  to  carrier  leak,  low  level  Interference  or  other 
extraneous  signals.  All  extraneous  signals  In  excess  of  -70  dBmO  will  be 
Identified  and  reported  In  the  test  data  summary  of  Volume  1  of  the  report. 

c.  Multiplex  Tests  (T-40) 

(1)  Noise  Power  Ratio  and  Basic  Noise  Ratio  of  the  Multiplex  (Back- 
to-Back):  Prior  to  performing  this  test  the  multiplex  must  be  completely 
aligned  and  adjusted. 

(2)  Pilot  Levels  and  Alarm  Activation  (Link  Basis)  (T-41) 

d.  Recording  Tests 

(1)  The  following  data  are  to  be  recorded  and  used  to  prepare  the 
graphs  listed  In  Paragraph  4.0  of  Appendix  A. 

(a)  Received  signal  level  (microwave  -  both  receivers) 

(tropo  -  at  least  3  receivers) 

(b)  Idle  channel  noise  "C"  message. 

(c)  Phase  jitter  and  phase  Impulses  (when  jitter  meters 
become  available). 

(d)  Test  tone  stability. 

(e)  Received  baseband  level. 

(2)  The  RSL  of  all  active  receivers,  baseband  loading  and  idle 
channel  noise  should  be  recorded  throughout  the  test  period.  However,  a 
minimum  of  three  days  (72  hours)  will  be  recorded  after  all  maintenance 
and/or  adjustments  have  been  accomplished.  This  is  considered  the  minimum 
recording  period  for  completing  the  information  outlined  in  Paragraph  4.0 
of  Appendix  A. 

e.  Additional  tests  may  be  performed  at  the  option  of  the  team  chief. 

3-4.  DATA  SUBMISSION.  The  completed  test  report  in  draft  will  be  forwarded 
to  the  analysis  section  within  five  days  after  the  evaluation  has  been 
concluded. 
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APPENDIX  A 
Sample  TEP  Report 

TECHNICAL  EVALUATION  PROGRAM 

RCS:  DCA  (AR)  A07D-1 

SUBSYSTEM  PERFORMANCE  CHARACTERISTICS 

FOR 

DCS  LINK  M-0000 
STATION  A 
TO 

STATION  B 


DEPARTMENT  OF  THE  ARMY 
6TH  SIGNAL  COMMAND 
TECHNICAL  EVALUATION  DETACHMENT 
BOX  3,  APO  SF  96263 
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1.0  GlNERAL 

The  performance  of  DCS  Link  M-0000  between  Station  A 
and  Station  B  was  evaluated  in  accordance  with  DCAC  310-70-57. 
The  performance  of  this  link  and  its  capability  are  reflected 
in  this  summary  of  test  results.  The  link  and  equipment 
parameters  are  shown  in  Tables  I  and  III,  respectively;  the 
raw  test  data  for  each  station  Is  contained  in  Volumes  II  and 
III.  Omitted  tests,  and  reasons  for  omission,  are  given  in 
Table  V. 

1,1  PERIOD  OF  EVALUATION:  21  APRIL  to  1  MAY  1975. 

1 ... 2  O&M  AGENCY  AND  MAILING  ADDRESS 

Headwuarters 

USACC  -  (Organization/Country) 

ATTN:  (Office  Symbol) 

APO  SF  96824 


1.3  6TH  (or  5TH  or  7TH)  SIGNAL  COMMAND  TECHNICAL  EVALUATION 
TEST  TEAM  COMPOSITION. 


STATION  A 


Name 

Rank 

Position 

Smith,  R.L. 

Cpt 

Team  Chief 

Brown,  R.  Q. 

SFC 

NCOIC 

Green,  0.  R. 

SSG 

Technician 

STATION  B 

Hartman,  G.  L. 

1  LT 

Team  Chief 

Charles,  B.  G. 

SFC 

NCOIC 

Richmond,  T.  R. 

SSG 

Technician 
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'  1.4  KEY  PERSONNEL  CONTACTED 

Name  Grade, 

Cartwright,  B.A.  Col 
Hoss,  C.  B.  Maj 
Little,  J.  Civ 
Spook,  S.  0.  Civ 

Kirk,  J.  T.  Cpt 


Oraanization 

Position 

CCPXX-CO 

Commander 

CCPXX-OP 

C,  Opr  Div. 

ITT-FF.C 

Site  Tech  Supervisor 

(Station  A) 

Site  Tech  Supervisor 

ITT-FEC 

(Station  B) 

CCPXX-LOG 

Logistics  Officer 

SUMMARY  01  TEST  RESULTS 
MEDIAN  NOISE.  (TJJ 

This  link  is  currently  configured  for  transmission  of  12  voice 
channels;  however,  path  performance  calculations  and  the  evalua¬ 
tion  In  this  report  are  based  on  the  300  channel  design  capacity. 

A  summary  of  measured  and  potential  median  noise  performance  for 
Station  A  and  Station  B  are  given  In  Tables  III  and  IV,  respec¬ 
tively.  Analysis  of  the  Idle  channel  noise  recordings  at  Station 
i*  indicated  a  median  of  19.4  dBmCQ  for  the  performance  of  the 
Station  C  to  Station  B  system.  A  problem  In  the  Ink  flow,  systmi 
in  the  chart  recorder  precluded  any  long-term  recordings however, 
no  significant  variations  In  recordings  were  observed  during  this 
period.  A  composite  average  of  short-term  measurements  taken  at 
Station  C  and  Station  U  was  17. S  dBmCO,  disregarding  the  one 
noisy  channel  (SG2  Gt'4  CH2)  at  Station  C.  At  the  current  low 
loading  level,  this  appears  to  be  a  more  realistic  representation 
of  system  performance. 

MEDIAN  RECEIVE  SIGNAL  LEVEL  (RSL)  (T-1) 

Analysis  of  the  recorded  data  taken  at  Station  A  revealed  con¬ 
siderable  variation  In  the  receive  signal  level.  Similar  varia¬ 
tions  were  also  noted  on  the  Station  C  to  Station  A  link  during  a 
previous  evaluation.  These  variations  are  attributed  to  In¬ 
stability  of  the  antenna  structure  at  Station  A  which  results  In 
excursions  of  as  much  as  5  dB  whenever  the  antenna  is  subjected  Co 


only  Moderate  winds.  There  is  •  possibility  that  during  high  winds 
the  antenna  aligiment  would  be  sufficiently  altered  so  as  to  result 
In  najor  communl cations  outage.  To  preclude  this,  action  should 
be  taken  to  Install  stabilizing  bars  or  guys  on  the  antenna  system. 
Considering  the  signal  level  variations  discussed  above,  a  median 
of  >39.4  dBm  was  obtained  at  Station  A,  which  1$  approximately  4.3 
dB  lower  than  the  predicted  level.  This  Is  primarily  attributed 
to  the  low  output  power  of  the  transmitter  at  Stition  B  as  outlined 
In  Paragraph  2.17  of  this  report. 

Recordings  at  Station  B  were  suspended  after  severe!  hours  due 
to  a  defective  chart  recorder.  An  Interpolated  tedlan  for  the 
short  recording  period,  however,  provided  a  favorable  reverse  path 
correlation. 

1  kHz  TEST  TOHE  LEVEL  CHECK  (T-4) 

The  Internal  multiplex  levels  deviated  considerably  from  the 
required  level  at  both  sites  with  the  worst  case  being  the  receive 
group  distribution  point  at  Station  B.  Reviewing  the  block  and 
level  diagram  [KHAOS  drawing  1 5872-G1 -676f  -.45  (B)]  reveals  that 
the  0  dBmO  level  at  the  group  receive  Is  -8  dBm;  however,  the 
measured  levels  at  this  point  were  15.6  to  17.5  dB  higher  than  the 
required  level.  An  attempt  was  made  to  adjust  the  group  modules 
to  the  correct  output  level,  but  to  no  avail.  Consideration  was 
given  to  Installing  attenuators  at  the  group  to  reduce  the  output 
level  and  bring  the  equipment  within  specifications;  however,  the 
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majority  of  the  channel  modems  did  not  have  sufficient  gain  to 
compensate  for  the  level  discrepancies.  The  high  levels  are  a 
potential  source  of  crosstalk  and  Intermodulation,  and  action 
should  be  taken  to  properly  align  the  multiplex  and  ascertain  the 
specific  cause  of  the  high  levels.  At  Station  C  the  group  leveh 
varied  from  5  to  7  dB  from  the  required  level,  while  the  levels 
at  the  HF  distribution  were  within  specifications.  The  multiple’ 
on  this  end  of  the  line  should  also  be  completely  aligned  to 
insure  that  it  is  within  specifications  at  the  various  test  points. 

2.4  IDLE  CHANNEL  NOISE  (T-8) 

None  of  the  channels  tested  at  Station  C  or  Station  B  exceeded 
the  DCA  standard  of  27  dBrnCO  as  contained  in  DCAC  300-175-9. 

This  was  to  be  expected  due  to  the  extremely  light  loading  on  the 
system.  A  significant  difference  exists  at  both  ends  of  the  link 
when  measuring  in  C-message  weighting  as  opposed  to  flat  weighting. 
This  is  primarily  attributed  to  the  60  Hz  components  and  various 
harmonics  that  are  passed  by  the  3  k.Hz  flat  filter  but  are  not 
within  the  bandpass  of  the  C-message  filter.  The  installation  of 
an  effective  station  ground  at  both  stations  and  reducing  the 
rectifier  ripple  voltage  at  Station  C  should  result  in  a  correr 
sponding  improvement  in  flat  weighted  measurements. 

2.5  IDLE  CHANNE1  IMPULSE  NOISE  (T-9) 

The  channels  evaluated  at  both  ends  of  the  link  met  the  speci¬ 
fication  of  15  counts  per  fifteen  minutes  at  72  dBrnCO.  The 
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emulative  long-term  results  were  also  well  within  the  prescribed 


toierance. 

2.6  VOICE  CHANNEL  FREQUENCY  RESPONSE  (T-111 

Only  one  channel  (S62  GP4  CH11)  at  Station  B  met  the  specifica¬ 
tion  as  outlined  In  Paragraph  5. a. 2. 3.1  of  MIL-STD  188-300,  while 
at  Station  C  all  of  the  channels  evaluated  failed  to  meet  this 
requirement.  The  majority  of  channels,  however,  aid  meet  the  less 
stringent  manufacturer's  design  objective. 

2.7  ENVELOPE  DELAY  DISTORTION  (K12) 

All  of  the  channels  failed  to  meet  the  standards  as  specified 
In  MIL-STD  188-300.  The  fact  that  the  channels  do  not  meet  these 
objectives  Is  not  considered  a  serious  limitation  since  external 
equalization  equipment  would  normally  be  used  to  condition  those 
circuits  carrying  data  traffic.  The  unusual  characteristic  noted 
at  Station  C  Is  apparently  attributed  to  the  test  equipment  and 
not  the  channel  modem. 

2.8  VOICE  CHANNEL  HARMONIC  DISTORTION  (T-14) 

Of  the  channels  tested  at  Station  C,  only  one  channel  met  the 
It  specification,  while  at  Station  B  all  channels  were  within 
specifications.  A  manual  sweep  of  the  channels  displaying  high 
distortion  levels  revealed  that  the  second  harmonic  of  the  700  Hz 
fundamental  tone  was  prevalent  In  the  channels.  A  signal  appear¬ 
ing  outside  the  normal  channel  bandpass  characteristics  was  also 
detected  at  the  VF  patch  board. 
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2.9  VOICE  CHANNEL  FREQUENCY  TRANSLATION  (T-15) 

No  frequency  translation  was  observed  on  any  of  the  channels 
tested.  These  were  short-tern  measurements,  however,  and  would 
not  necessarily  reflect  an  accurate  portrayal  over  an  extended 
period  of  time. 

2.10  VOICE  CHANNEL  PHASE  JITTER  (T-17) 

The  phase  jitter  measurements  were  performed  using  the 
oscilloscope  method.  Therefore,  the  accuracy  of  the  test  results 
are  subject  to  interpretation.  Considering  this,  the  measured 
phase  variations  were  approximately  5.7°  at  Station  B  and  1.25°  or 
less  at  Station  C.  These  measurements  are  substantially  lower 
than  the  maximum  allowable  variation  of  15°  as  contained  In  DCAC 
300rl75-9.  P  we  accurate  and  precise  measurement  of  this 
parameter  will  be  possible  when  the  test  teams  are  equipped  with  a 
phase  jitter  meter. 

2.11  VOICE  CHANNEL  CROSSTALK  (T-18) 

Both  near  and  far  end  crosstalk  measurements  on  all  of  the 
channel  tested  met  the  specification  outlined  In  Paragraph  5.2.1 .6 
of  MIL -STD  188-300.  At  Station  C  It  was  found  that  the  -10  dBmO 
test  tone  on  channel  12  increased  Idle  channel  noise  measurements 
taken  on  channel  11.  The  test  team  noted  a  difference  of  about  1 
dB  additional  noise  with  the  tjne  on  as  opposed  to  tone  off 
condition.  Moreover,  ICN's  appeared  to  follow  a  periodic 
sinusoidal  response  of  1  cycle  per  minute. 
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RADIO  LINK  NOISE  POWER  RATIO  (T-23) 

The  radio  link  noise  power  ratio  (NPR)  was  Measured  for  a 
Maximum  of  240  channels,  although  the  equipment  was  designed  for 
300  channel  CCIR  loading.  The  test  equipment  contained  In  the 
AN/TSM-125  test  set  does  not  provide  the  capability  for  evaluating 
equipment  beyond  240  channel  loading.  A  review  of  the  test  data 
Indicates  that  the  overall  NPR  performance  for  this  link  Is 
extremely  poor  In  comparison  to  the  generally  accepted  standard  of 
55  dB.  Also  the  data  Indicates  that  the  equipment  Is  operating 
below  the  manufacturer's  performance  specification  as  stated  In 
TM  11-5820-684-15. 

The  NPR  curves  plotted  from  the  data  taken  at  Station  A  peak 
at  typical  NPR  values  but  occur  below  the  CCIR  or  OCA  recommended 
loading  levels.  At  Station  B  the  NPR's  were  extremely  poor  In  all 
slots  and  configurations  tested  even  at  current  traffic  loading 
levels.  Although  the  NPR's  were  poor,  BNR  values  were  typical. 
Therefore,  the  low  NPR's  appear  to  be  attributed  to  poor  klystron 
linearization  and  receiver  equalization. 

RADIO  LINK  BASEBAND  LEVEL  AND  FREQUENCY  RESPONSE  (T-24) 

During  pre-llmlnary  testing  It  was  found  that  the  transmitters 
were  Incorrectly  strapped  resulting  In  the  baseband  being  double 
terminated.  The  test  teams  corrected  the  strapping  In  the  "B" 
transmitters  and  also  Installed  appropriate  pads  In  the  baseband 
filter  units  to  Insure  that  the  proper  level  was  being  provided 
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the  modulators.  Final  test  results  showed  that  all  transmitter- 

jt 

1  *>.  » 

receiver  combinations  were^vltMyr)  the  *0.5  dB  requirement  except 

% 

for  those  taken  with  the  "B"  transmitter  qt  Station  B  which 
reflected  abnormal  frequency  characteristics  below  100  kHz.  Further 


investigation  of  this  ^j^ld  be  accomplished  by 


the  OftM 


Coomand. 


2.14  SPURIOUS  EMISSIONS  (T-2! 

- — — -i 

Examinations  of  the 

dlscernable  emissions  were  .well'  below  the  OCA  specifications  at 

•  S'  * 

both  stations. 

L.15  TRANSMITTER  CARRIER  FREQUENCY  ACCURACY  (T-27) 

•t 

Only ‘the  "A"  transmitter  at  Station  A  and  the  "B"  transmitter 
at  Station  B  met  the  DCA  objective  of  ±150  kHz  from  the  assigned 
frequency.  All  transmitters,  however,  were^well  within  the 
manufacturer's  specification  of  0.02%. 

1 6  TRANSMITTER  MODULATOR  FfjfQUENCY  DEVIATION  (T-29) 

At  Station  A  the  Initial  setting  of  modulator  deviation  was 
measured  to  be  214.3  kHz  RMS  and  229.6  kHz  RMS  for  the  "A"  and  "8" 
transmitters  respectively.  At  Station  B  deviation  was  found  to  be 
178  kHz  RMS  and  176  kHz  RMS  for  the  "A"  and  "B"  transmitters 
respectively.  Deviation  was  adjusted  by  the  test  teams  to  the 
required  level  of  200  kHz  RM$.  Modulator  linearity  checks  were 
accomplished  on  all  transmitters  using  the  carrier  drop  out  method. 
Minor  deviations  were  noted  between  the  measured  versus  calculated 
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RF  and  IF  spectrums  revealed 


•2-' 
*** 

eve< 


wi 

I  that  al 


CCP  702-1 

values  at  both  sites. 

TRANSMITTER  OUTPUT  POWER  k  VSWR  (T-30) 

Neither  the  "A"  nor  the  "BN  transmitter  at  Station  B  met  the 
manufacturer's  minimum  requirement  of  0.562  watts.  The  "A" 
transmitter,  being  the  lower  of  the  two  with  an  output  power  of 
only  0.372  watts,  should  be  replaced  immediately,  while  the  HBN 
transmitter  can  be  programmed  for  replacement  during  the  next 
maintenance  period.  At  Station  A  the  measured  output  power  was 
0.776  watts  and  1.349  watts  for  the  "A"  and  "B"  transmitters 
respectively.  VSWR  measurements  of  the  waveguide  system  at  both 
ends  reflected  realistic  test  results  for  this  equipment, 
although  not  meeting  the  OCA  standards  of  1.05:1. 

RF  RECEIVER  INPUT  POWER  VERSUS  AGC  ANO  FM  QUIETING  CHARACTERISTICS 

Receiver  quieting  characteristics  at  Station  A  were  typical  for 
this  type  of  equipment,  with  FM  thresholds  slightly  better  than  the 
normal  value  of  -81  dBm  on  both  receivers.  The  quieting  curves 
taken  at  Station  B  show  considerable  amount  of  residual  noise  In 
the  70  kHz  slot  at  RF  Input  levels  above  -75  dBm.  From  previous 
experience  it  was  determined  that  the  Alfred  650  RF  generator 
contained  high  intrinsic  noise  components  which  drastically  affect 
the  low  slot  with  less  serious  effect  on  the  mid  and  high  slots  at 
input  signal  levels  above  -45  dBm  as  shown  by  the  graphs.  Test 
results,  however,  are  still  considered  valid  below  RF  input  signal 
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levels  of  -75  dBm.  FM  thresholds  of  -81  dBm  and  -82  dBm  were 
extrapolated  from  the  quieting  curves  for  the  "A"  and  "B" 
receivers  respectively,  using  the  mid  slot  as  a  reference.  A 
review  of  the  quieting  data  also  indicates  that  the  "B"  receiver 
at  Station  B  has  a  slightly  lower  IF  gain  than  normal. 

2.19  RF  RECEIVER  LOCAL  OSCILLATOR  FREQUENCY  ACCURACY  (T-37) 

An  indirect  approach  to  determine  the  local  oscillator  fre¬ 
quency  accuracy  was  attempted  at  Station  A  by  Inserting  the 
assigned  signal  Into  the  front  end  of  the  receiver  and  measuring 
the  resultant  IF  frequency  at  the  IF  monitor  point.  Measurements 
taken  with  the  AFC  circuitry  disabled  compared  closely  with  those 
taken  with  the  AFC  circuitry  activated.  The  calculated  results, 
however,  indicated  that  the  local  oscillator  frequency  accuracy 
exceeded  the  DCA  requirements  of  0.02*.  The  AN/FRC-109  10  cannot 
be  measured  directly  and,  therefore,  the  method  used  provides 
only  a  relative  indication  of  the  LO  frequency. 

2 . 20  RECEIVER  IF  BANDPASS  AND  DISCRIMINATOR  CHARACTERISTICS  (T-39) 

The  IF  bandpass  test  was  not  attempted  at  either  station  due 
to  the  lack  of  appropriate  subminiature  connectors  used  to  Inter¬ 
face  the  IF  amplifier  output  to  the  Instrumentation.  The 
\ 

discriminator  characteristics  for  both  rec*  *ers  at  Station  A 
appear  to  be  linear  over  the  required  bandwidth.  The  zero  crossover 
frequency  was  detected  at  70  MHz  and  71  MHz  for  the  "A"  and-  "8" 
receivers  respectively.  The  discriminator  for  both  receivers  at 
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Station  B  tends  to  indicate  minor  non-linearities;  however,  the 
data  was  taken  with  an  HP  41 OC  voltmeter  which  does  not  provide 
sufficient  accuracy.  Additional  measurements  should  be  accom¬ 
plished  by  the  04M  Command  with  a  microwave  link  analyzer  similar 
to  the  HP  3701  to  verify  and/or  correct  any  non-linearities  In 
the  equipment. 

2.21  MISCELLANEOUS  OBSERVATIONS 

a.  Group  pilot  equipment  Is  not  Installed  at  Station  B. 

b.  It  was  observed  that  the  TA-182  signalling  converters 
Introduced  noise  In  the  baseband  whenever  the  ringers  were 
activated. 

c.  The  waveguide  system  at  Station  B  contains  excessive 

_ _  amounts  of  flexible  waveguide  which  could  result  In  unnecessary 

signal  attenuation. 

d.  The  waveguide  pressurization  system  at  Station  B  and 
Station  A  consists  of  a  reserve  air  tank  and  a  hand  pump. 

e.  There  are  no  audible  alarms  Installed  on  either  the 
multiplex  or  radio  equipment.  This  could  result  In  unnecessarily 
extended  outages  since  a  failure  could  go  unnoticed  for  a  period 
of  time. 

f.  The  radio  orderwlre  between  the  two  sites  does  not  provide 
for  a  rlngdown  capability  or  other  convenient  means  of  signalling 
other  than  the  "shoutdown"  method. 

g.  On-site  test  equipment  Is  not  available  to  perform  the 
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test  required  by  DCAC  310-70-1,  DCAC  310-70-57,  and  USACC-PAC 
Regulation  105-4. 

h.  Ho  provision  Is  made  for  monitoring  voice  circuits  at  the 
VF  patch  bays.  Both  jacks  on  the  VF  patch  strip  are  "break"  typi- 
jacks. 

1  "  EQUIPMENT  PERFORMANCE  INDICATORS 

Using  the  data  obtained  during  the  evaluation,  the  performance 
of  the  major  radio  equipment  are  contained  in  the  figures  listed 
below.  (Actual  figures  not  part  of  this  sample) 

FIGURE  DESCRIPTION 

1  Receiver  AGC  &  FM  Quieting  Characteristics,  "A"  Receiver 
at  Station  A 

la  Receiver  AGC  &  FM  Quieting  Characteristics,  "B"  Receiver 
at  Station  A 

2  Receiver  AGC  &  FM  Quieting  Characteristics,  "A"  Receiver 
at  Station  B 

2a  Receiver  AGC  I  FM  Quieting  Characteristics,  "B"  Receiver 
at  Station  B 

3  Typical  Quieting  Characteristics  of  the  AN/FRC-109  Based 
on  the  Manufacturer's  Data 

4.0  TRANSMISSION  Ob,w  -  INDICATORS 

From  the  reduced  test  data,  transmission  quality  as  determined 

from  each  end  of  the  link  Is  reflected  In  the  figures  listed  belov* 
(Actual  figures  not  part  of  this  sample) 

4  Distribution  of  Median  Received  Signal  Level  (RSL), 
Station  A 

5.  Distribution  of  Median  Idle  Channel  Noise  (ICN), 

Station  G 
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FIGURE  DESCRIPTION 

6  NPR  vs  Baseband  Loading,  HAM  Transmitter  at  Station  B  to 
"A"  Receiver  at  Station  A 

6a  NPR  vs  Baseband  Loading,  "A"  Transmitter  at  Station  B  to 
MBM  Receiver  at  Station  A 

6b  NPR  vs  Baseband  Loading,  "A"  Transmitter  at  Station  B  to 
Receiver  Combined  at  Station  A 

6c  NPR  vs  Baseband  Loading,  "BM  Transmitter  at  Station  B  to 
"A"  Receiver  at  Station  A 

6d  NPR  vs  Baseband  Loading,  "BH  Transmitter  at  Station  B  to 
Receiver  at  Station  A 

6e  NPR  vs  Baseband  Loading,  "B"  Transmitter  at  Station  6  to 
Receiver  Combined  at  Station  A 

7  NPR  vs  Baseband  Loading,  "A"  Transmitter  at  Station  A  to 
"A"  Receiver  at  Station  B 

7a  NPR  vs  Baseband  Loading,  NAH  Transmitter  at  Station  A  to 
ttBH  Receiver  at  Station  B 

7b  NPR  vs  Baseband  Loading,  "A"  Transmitter  at  Station  A  to 
Receiver  Combined  at  Station  B 

7c  NPR  vs  Baseband  Loading,  MB"  Transmitter  at  Station  A  to 
" AH  Receiver  at  Station  B 

7d  NPR  vs  Baseband  Loading,  "BN  Transmitter  at  Station  A  to 
"B"  Receiver  at  Station  B 

7e  NPR  vs  Baseband  Loading,  MB"  Transmitter  at  Station  A  to 
Receiver  Combined  at  Station  B 

OMITTED  AND/OR  INCOMPLETE  TESTS 

The  tests  listed  In  Table  V  of  this  report  were  either  not  per¬ 
formed  at  all  or  were  performed  In  such  a  way  as  to  yield  incomplete 
or  Invalid  data. 

CONCLUSIONS 


I*'  /OV  -  I 

Considerable  on-site  maintenance,  adjustments,  and  alignment 
are  required  to  bring  the  systeip  up  to  Its  peak  performance 
capability. 

.0  TECHNICAL  RECOMMENDATIONS 

a.  The  recommended  standard  for  Idle  channel  noise  under  the 
performance  monitoring  program  for  the  Station  A  -  Station  B  - 
Station  C  system  Is  18  dBrnCO.  The  recommended  standard  for 
receive  signal  level  for  the  Station  A  -  Station  B  link  Is  -34.5 
dBm.  The  recommended  standard  at  current  loading  levels  for  base¬ 
band  loading  for  this  system  Is  +1  dBmO. 

b.  The  antenna  support  structure  at  Station  A  should  be  rein¬ 
forced  to  stabilize  the  antenna. 

c.  A  routine  quality  assurance  program  should  be  established 
at  both  sites  to  Insure  that  channel  levels  are  being  maintained 
within  the  required  tolerance.  This  program  should  Include  the 
measurement  and  adjustment  of  the  channel  output,  group,  super¬ 
group,  and  baseband  level  on  a  periodic  basis  using  a  1  kHz  test 
tone  referenced  to  the  engineered  level. 

d.  Further  Investigation  of  the  hot  levels  at  the  group 
distribution  point  at  Station  B  should  be  accomplished  and  the 
levels  adjusted  to  -8  dBm. 

e.  The  60  Hz  components  which  are  affecting  the  flat  weight¬ 
ing  measurements  should  be  Investigated  and  eliminated.  This 
investigation  should  Include  a  survey  and  measurement  of  the 
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station  ground,  potential  between  equipments,  bonding,  shielding, 
and  proper  termination  of  the  distribution  cables. 

f.  The  DC  rectifier  at  Station  C  should  be  replaced  with  a 
DC  power  distribution  system  that  Is  DCA  compliant.  The  power 
system  currently  being  Installed  at  a  number  of  locations  In  this 
geographical  area  should  be  considered  for  all  sites  that  do  not 
have  a  power  distribution  system  that  meets  DCA  requirements. 

g.  A  complete  realignment  of  the  multiplex  equipment  Is 
necessary  at  both  sites,  and  this  should  reduce  the  Inter- 
modulation,  crosstalk,  and  harmonic  distortion  so  that  the 
equipment  meets  the  manufacturer's  specifications. 

h.  The  radio  equipment  at  both  ends  of  the  link  should  be 
optimized  and  procedures  established  to  Insure  that  the  equipment 
Is  maintained  to  specifications.  To  optimize  the  radio  equipment 
and  to  obtain  the  best  possible  noise  power  ratio  performance,  a 
delay  and  linearity  test  set  similar  to  the  HP  3710  will  be 
required. 

1.  Further  Investigation  of  the  NBN  transmitter  at  Station  B 
should  be  accomplished  to  determine  the  specific  problem  that  Is 
limiting  the  frequency  response  below  100  kHz.  From  previous 
testing  of  the  AN/FRC-109  radio  equipment  In  this  area,  there  Is 
a  possibility  that  the  MBM  transmitter  has  not  been  properly 
strapped  for  hot  standby  operation. 

j.  The  modulator  linearity  should  be  verified  at  both  sites 
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with  a  link  analyzer. 

k.  The  transmit  klystrons  for  both  radios  at  Station  8  should 
be  replaced.  The  OtM  Command  should  establish  a  record  at  each 
site  that  will  show  the  date  the  klystron  was  Installed  and  that 
output  power  measurements  and  klystron  activity  checks  were 
accomplished.  This  record  should  be  reviewed  to  Insure  that  that 
manufacturer's  recommendations  for  klystron  life-cycle  Is  being 
observed. 

l .  The  output  power  on  the  "A"  transmitter  at  Station  A 
should  be  measured  periodical ?y  ?nd  the  klystron  replaced  when  It 
can  no  longer  meet  the  manufacturer's  minimum  specifications. 

m.  The  "8"  receiver  at  Station  8  should  be  examined  using  a 
link  analyzer  to  ascertain  the  reason  for  the  low  IF  gain. 

n.  The  local  oscillator  on  all  receivers  should  be  tuned  to 
the  correct  crossover  frequency  using  a  link  analyzer  with 
Internal  adjustments  of  the  IF  amplifiers  as  required. 

o.  A  master  multiplex  synchronizing  plan  should  be  developed 
and  Implemented  as  soon  as  possible.  This  plan  should  Include  all 
existing  and  proposed  DCS  links. 

p.  Future  Installations  of  radio  equipment  should  Include 
provisions  and  be  configured  to  facilitate  measurements  such  as 
receiver  noise  figure,  VSWR,  output  power,  equipment  NPR's,  etc., 
without  disassembly  of  the  waveguide. 
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q.  The  TA-182  signalling  converters  should  be  replaced  with 

a  nodem  solid-state  unit  similar  to  the  CV-1548.  If  not  replied, 
action  should  be  taken  to  Insure  the  output  tone  does  not  exceed 
-10  dBmO.  Further*  a  contingency  plan  should  be  developed  to 
Insure  uninterrupted  service  to  the  subscriber  In  the  event  of 
failure  of  the  primary  power  to  these  units. 

r.  The  waveguide  systmn  at  Station  B  should  be  reengineered 
to  reduce  the  amount  of  flexible  waveguide  and  to  provide  a 
transmission  line  that  Is  In  accordance  with  good  engineering 
practices. 

s.  The  waveguide  pressurization  system  at  Station  B  and 
Station  B  should  be  replaced  with  one  that  will  automatically 
maintain  pressure  to  the  transmission  line. 

t.  Audible  alarms  should  be  Installed  at  both  sites  to  alert 
personnel  of  equipment  or  system  failure. 

u.  The  orderwlre  should  be  reengineered  at  both  sites  to 
provide  a  better  method  for  coordinating  system  alignment, 
maintenance,  and/or  system  restoral. 

v.  The  sites  should  be  provided  as-built  drawings,  required 
technical  publications,  operational  standards,  and  test  and 
acceptance  data. 

w.  The  patch  and  test  facilities  at  both  sites  should  be 
engineered  to  provide  standardization  throughout  the  system  In 
accordance  with  MIL-STD  188-310. 
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x.  The  sites  should  be  provided  the  test 
to  perform  the  test  outlined  In  DCAC  310-70-1 
Comnand  Regulation  105-4. 


equipment  required 
and  6th  Signal 
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OWE  Snr«IMMbt  V 
PARC _ OF 

SUMMARY  OF  LINK  PCRFORMAMCC 

PAGES 

i 

STATION  UNOCR  TEST 

STATION  A 

OCS  LMK  NO. 

M-0000 

PARAMETER 

MEASURED 

POTENTIAL  1 

RECEIVE  SIGNAL  LEVEL 

A  pat* 

8  PATH 

Re 

—=32*3 _ 

NA 

-=3LS- 

RADIO  UNK  NOISE 

A  PATH  LOW  70  KHi 

NPRdb  BNRSfc 

49  71 

“  NPR  /  PWCO 

54.2  /  204.8 

MID  534  khj 

45.5  69 

MI8M  1M2  KHk 

45.5  71 

B  PATH  LOW  70  Km 

43  72 

54.2  /  204.8 

mo  _534  KHs 

47  71 

HISH  KH» 

\ 

-  50  71 

COMBINED  LOW  70  KHi 

48.5  72 

54.2  /  204.8 

MID  534  kh. 

45  67 

HMH  1Q02KH» 

48  72 

MULTIPLEX  NOME 

LOW  _ KHi 

MID  ___KHt 

HISH  _ KHi 

NPRdb  Wrs! 

NA  NA 

SMabO  PRO 

0NA  DNA 

NA  NA__ 

NA  NA 

m_  m. 

25.3  338.3 

RAOIO  AND  MULTIPLEX  NOSE 

LOADED 

SfersCO  pw«6 

NA  NA 

dsrabo  pwoi 

27.3  543.1 

TRAFFIC  LOAOEO  ( MEDIAN) 

-JJL.  _JL_ 

DCA  OPERATIONAL  STANOARO 
(DC AC  300-I7S-S) 

RECOMMENDED  STANOARO 

,  27  RnCO  oeeO  501 

.18**  RnCO  mO  .  83 

*  NPR/BNR  aeasuraMats  are  shown  at  +14.8  dBaO  loading. 

**  Applicable  for  the  Station  B  thru  Station  A  to  Station  c  -tysten. 
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TABLE  IV 


SUMMARY  OF  LINK  PERFORMANCE 


STATION  UNDER  TEST 

Station  B 


E  SIGNAL  LEVE* 


A  PATH: 
8  PATH: 


MULTIPLEX 

LOW  _ KHi 

MID  _ _KHi 

HIGH  _ KH* 


RADIO  AND  MULTIPLEX  NOISE 
LOADED 

TRAFFIC  LOAOED  ( MEDIAN) 


OCA  OPERATIONAL  STANDARD 
(DC AC  300-173-9) 

RECOMMENDED  STANOARD 


dbm 

39.5* 


NPRA9 

DNA 


BNR  49 

ONA 


27  dbraOD 


POTENTIAL 


DNA 

DNA 

DNA 

DNA 

GbmOO 

pweO 

DNA 

DNA 

18.7* 

74.1 

ONA 


338.1 


pwc 

543.1 


pwQ  501 


*  Short  term  recording!. 

**  NPR/BNR  measurements  are  shown  at  +14.8  dBmO  loading. 
***Applicable  for  the  Station  B  thru  Station  A  tt.  Station  C  system. 
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D 

LINK  DATA  TABULATION  -  IDS 

STATION 

FROM  TO 

8.1 

DCS  Link  Number  . 

( 

) 

8.2 

OCA  Area . 

8.3 

TEP  Testing  MILDER  . 

8.4 

Test  Period  . 

8.5 

Operating  MILDEP  . 

8.6 

Path  Length  (sml/km/nm)  . 

( 

) 

8.7 

Diversity: 

a.  Order  . 

b.  Type  . 

8.8 

Transmitter  Output  Power  (watts)  . 

8.9 

Path  Antenna  Gain  (dB)  . 

( 

) 

8.10 

Transmission  Line  &  Miscellaneous 

Loss  (dB)  . 

8.11 

Path  Transmission  Loss  (dB)  . 

( 

) 

8.12 

Calculated  Median  RSL  (dBm)  . 

( 

) 

8.13 

Measured  Receive  Signal  Level  (dBm): 

a.  Receiver  #1 

\ 

(1)  Exceeded  102  of  Time  . 

(2)  Exceeded  502  of  Time  . 

(3)  Exceeded  902  of  Time  . 
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LINK  DATA  TABULATION  LOS  (CONT'D) 


STATION 


FROM 

b.  Receiver  #2 

(1)  Exceeded  10X  of  Time . 

(2)  Exceeded  SOX  of  Tine  . 

(3)  Exceeded  90X  of  Tine  . 

c.  Rec amended  PNP  Level 

(Suppl  4,  DCAC  310-70-57)  . 

8.14  Fade  Margin  (Difference  between  Median 
RSL  and  RSL  at  FM  Improvement  Threshold 
(dB): 

a.  Value  from  Path  Loss  Calculation 

(dB)  . 

b.  Measured: 

(1)  Receiver  #1  . 

(2)  Receiver  #2  . 

8-15  Link  NPR/BNR  (dB)  at _ dBmO  Loading: 

a.  Measured  (TX  No _ RX  No _ ): 

(1)  Low _ (kHz)  . 

(2)  Mid _ (kHz)  . 

(3)  High _ (kHz)  . 

(4)  Median  RSL  During  Test 

(dBm)  . 

b.  Measured  (TX  No _ RX  No _ ): 
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LINK  DATA  TABULATION  LOS  (CONT'D) 


(1)  Low 

(kHz)  . 

(2)  Mid 

(kHz)  . 

(3)  HI ah 

(kHz)  . 

(4)  Median  RSL  During  Test 
(dBm)  . 

c  Combined: 

(1)  Low 

(kHz)  . 

(2)  Mid 

(kHz)  . 

(3)  High 

(kHz)  . 

(4)  Median  RSL  During  Test 

(dBm)  (Best  Receiver)  . 

Voice  Channel  Noise  (dBrnCO): 

a.  DCA  Standard  . 

b.  Measured  (from  recorded  data): 

(1)  Exceeded  10*  of  Time  . 

(2)  Exceeded  501  of  Time  . 

(3)  Exceeded  901  of  Time  . 

8.17  Impulse  Noise  (for  8  >  hour  period) 
(counts): 

a.  Measured  (CH _ GP _ SG _ ): 

(1)  Low _ dBrnCO  - . 


STATION 

FROM  TO 


( 


) 
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LINK  DATA  TABULATION  LOS  (CONT'D) 


STATION 

FROM 


(2)  Mid _ dBmCO . 

(3)  High _ dBmCO . 

b.  Measured  (CH _ 6P _ SG _ ): 

(1)  Low _ dBmCO . 

(2)  Mid _ dBmCO . 

(3)  High _ dBmCO . 

c.  Measured  (CH _ GP _ SG _ ): 

(1)  Low _ dBmCO . . 

(2)  Mid _ dBmCO . 

(3)  High _ dBmCO . 

8.18  Baseband  Loading: 

a.  Calculated  (see  Suppl  4, 

DCAC  310-70-57)  . 

b.  Exceeded  10S  of  Time  . 

c.  Exceeded  50X  of  Tlae  (Median)  .. 

d.  Recommended  PMP  Level  . 


A-29 


TO 


CCl*  702- 1 


9.0  STATION  DATA  TABULATION  -  iJDS  station 

FROM  TO 


9.1  Type  Terminal  . 

9.?  VF  Channel  Data: 

a.  Design  Capacity  . 

b.  Number  of  Channels  Installed  ... 

c.  Number  of  Channels  In  Use  . 

d.  Number  of  VF  Channels  . 

e.  Number  of  Data  Channels  . 

f.  Number  of  Thru  Groups  . 

g.  Number  of  Thru  Supergroups  . 

9.3  Multiplex  Equipment  Type  . 

9.4  Radio  Equipment  Type  . 

9.9  Antenna  System: 

o.  Antenna  Size  (ft): 

(1)  Parabolic  . 

(2)  Near  Field  Passive  . 

(3)  Far  Field  Passive  . 

b.  Antenna  Gain  (dB): 

(1)  Parabolic  . 

(2)  Parabolic  and  Passive  . 
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STATION  DATA  TABULATION- LOS  (CONT'D) 

STATION 

FROM  TO 

(3)  Far  Field  Passive  . 

c.  Transmission  Lina: 

(1)  Typa  (RG/tIR*  ate)  . 

(2)  length  (attar*)  . 

(3)  Loss  (dB)  . 

VSWR: 

a.  OCA  Standard  . 

b.  Measured: 

(1)  Transmission  Lina  #1  . 

(2)  Transmission  Lina  #2  . 

Transmlttar  Frequency  Assignment  (GHz): 

a.  Transmlttar  II  . 

b.  Transmitter  12  . 

Transmitter  Frequency  Accuracy  (*): 

a.  OCA  Standard  . 

b.  Manufacturer's  Specifications  .. 

c.  Maasurad: 

(1)  Transmlttar  #1  . . 

(2)  Transmlttar  #2 . . 
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STATION  DATA  TABULATION-LOS  (CONT'D)  STATION 

FROM 


9.9  Transmitter  Power  (watts): 

a.  Manufacturer's  Specifications  .. 

b.  Measured: 

(1)  Transmitter  #1  . 

(2)  Transmitter  #2  . 

9.10  Transmitter  Deviation  (kHz  RMS): 

a.  Manufacturer's  Specifications  .. 

b.  Measured/Adjusted  to: 

(1)  Transmitter  #1  . 

(2)  Transmitter  #2 . . 

9.11  Transmitter  Spurious  Emissions  (dBm/GHz): 

a.  DCA  Standard  . 

b.  Manufacturer's  Specifications  .. 

c.  Measured: 

(1)  Transmitter  #1  . 

(2)  Transmitter  #2  . 

9.12  RF  Pre-Amplifier  Gain  I  Noise  Figure 
(dB/dB): 

a.  DCA  Standard  . 

b.  Manufacturer's  Specifications  .. 


( 


( 
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STATION  DATA  TABULATION-LOS  (CONT'D) 


STATION 

FROM  TO 


c.  Measured: 

(1)  Receiver  II 

(2)  Receiver  #2 


Total  Receiver  Noise  Figure  (dB): 


a.  OCA  Standard 


b.  Manufacturer's  Specifications  .. 

c.  Measured: 


(1)  Receiver  #1 


(2)  Receiver  #2 . . 

Receiver  LO  Frequency  Accuracy  (X): 


a .  OCA  Standard 


b.  Manufacturer's  Specifications  .. 

c.  Measured: 


(1)  Receiver  #1 


(2)  Receiver  12  . 

Receiver  FM  Threshold  (dBm): 

a.  Manufacturer's  Specifications  .. 

b.  Measured: 


(1)  Receiver  II 


I 

s 

i 

i 

i 

* 


f  i 

i  i 


'0?  l 


-»ATA  TABULATION-LOS  (CONT'D) 

STATION 

FROM  TO 

(2)  Receiver  IZ  . 

r\  1  c  Threshold  Extension  Iaprovwant  (»): 

a.  OCR  Standard .  (  ) 

b.  Manufacturer's  Specifications  .. 

c.  Measured: 

(1)  Receiver  11  . 

(2)  Receiver  #2  . 

‘*.1/  receiver  IF  Bandirldth  (MHz): 

a.  Manufacturer's  Specifications  .. 

b.  Measured: 

(1)  Receiver  #1  . 

(2)  Receiver  #2  . 

9.18  if  Frequency  at  Zero  Dlscr Inina tor 
Output  (MHz): 

a.  Manufacturer's  Specifications  .. 

b.  Measured: 

(1)  Receiver  #1  . 

(2)  Receiver  #2  . 

9.19  Receiver  Discriminator  Characteristics 
(X  of  Non-Linearity): 
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8.0  LINK  DATA  TABUUfflCN  -  TROFO  fmm  T0 


8.1  OCS  Link  Number . (  ) 

h.7  OCA  Area  . 

8.3  TEP  Testing  MILPCP  . 

8.4  Test  Period  . 

o.5  Operating  MILDEP  . 

8.6  Path  Length  (sml/fta/na)  .  (  } 

8.7  Scatter  Angle  (mr)  . 

8.8  Diversity: 

a.  Order .  (  ) 

b.  Type  .  (  ) 

8.8  Transmitter  Output  Power  (watts)  Design.  (  ) 

8.10  Path  Antenna  Gain  (dB)  .  (  ) 

8.11  Transmission  Line  ft  Miscellaneous 

Loss  (dB)  . 

n.12  Path  Transmission  Loss  (dB)  .  (  ) 

8.13  Calculated  Median  RSL  (dBm)  .  (  ) 

8.14  Measured  Receive  Signal  Level  (dim): 

a.  Receiver  #1 

(1)  Exceeded  10*  of  Time . 

(2)  Exceeded  50*  of  Time  . 

(3)  Exceeded  90*  of  Time  . 
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LINK  DATA  TABULATION-TROPO  (CONT'D) 


STATION 

FROM  TO 


b.  Receiver  #2 

(1)  Exceeded  10X  ef  Tine . 

(2)  Exceeded  SOX  of  T1m . 

(3)  Exceeded  90X  of  T1m . 

c.  Receiver  #3 

(1)  Exceeded  10X  of  Tine . 

(2)  Exceeded  50X  of  Tine  . 

(3)  Exceeded  90X  of  Tine  . 

d.  Receiver  #4 

l 

(1)  Exceeded  10X  of  Tine . 

(2)  Exceeded  SOX  of  Tine  . 

(3)  Exceeded  90X  of  Tine  . 

e.  Recoswanded  RHP  Level 

(Suppl  4.  OCA  310-70-57)  . 

8.15  Fade  Margin  (Difference  between  Median 
RSL  and  RSL  at  FM  Inprovenent  Threshold 

(dB): 

a.  Value  fron  Path  Loss  Calculation 

(dB)  . 

b.  Measured: 

(1)  Receiver  II  . 

(2)  Receiver  12  . 
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LINK  DATA  TABULATION-TROPO  (CONT'D) 


STATION 

FROM  TO 


(3)  Receiver  #3 

(4)  Receiver  #4 
Link  NPR/BNR  (dB)  at 


dBwO  Loading: 


a.  Measured  (TX  No _ RX  No _ ): 

(1)  Lou _ (kHz)  . 


(2)  Mid  _ 

(3)  H1gh_ 


(kHz) 

(kHz) 


(4)  Median  RSL  During  Test 
(dfta)  . 


b.  Measured  (TX  No _ RX  No 


0)  Low  _ 

(2)  Mid  _ 

(3)  High, 


(kHz) 

(kHz) 

(kHz) 


(4)  Median  RSL  During  Test 
(dBm)  . 


c.  Measured  (TX  No _ RX  No 


0)  Low  _ 

(2)  Mid  _ 

(3)  High. 


(kHz) 

(kHz) 

(kHz) 


(4)  Median  RSL  During  Test 
(dBw)  . . 
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I  IN Y.  DATA  1ABULATT0N-TR0P0  (CONT'D) 


STATION 

FROM  TO 


Measured  (TX  N©_ 

RX  No  ): 

(1)  Low 

(KHz)  . 

(2)  Mid 

(KHz)  . 

(3)  H1gh_  _ 

(KHz)  . 

(4-  Median  RSL  During  Test 
(dBm)  . 

Combined: 

(1)  Low 

(KHZ)  . 

(2)  Mid 

(KHz)  . 

(3)  High 

(KHz)  . 

(4)  Combined  (or  average)  RSL 
During  Test  . 


Combined: 

(1)  Low 

(KHz)  . 

(2)  Mid  _ 

__  (KHz)  . 

(3)  High 

_ (KHz)  . 

(4)  Combined  (or  average)  RSL 

During  Test  . 

8.17  Voice  Channel  Noise  (dBrnCO): 

a.  DCA  Standard  .  (  ) 

b.  Measured  (from  recorded  data): 

(1)  Exceeded  1 OX  of  Time . 


LINK  DATA  TABULATION-TROPO  (CONT'D) 


STATION 


FROM  TO 


(2)  Exceeded  50*  of  Time 

(3)  Exceeded  90*  of  Time 

MB  Impulse  Noise  (for  B-hour  period) 
(counts): 


a- 

Measured  (CH _ 

GP  SG _ 

(D 

Low 

dBrnCO  . 

•  •  • 

(2) 

Mid 

dBrnCO  . 

i  •  •  • 

(3) 

High 

dBrnCO  . 

>  *  *  • 

b. 

Measured  (CH _ 

GP  SG 

_) 

0) 

Low 

dBrnCO  . . . . , 

^  * 

(2) 

Mid 

_  dBrnCO 

1  t  •  • 

(3) 

High 

__  dBrnCO  . . . . 

1  •  «  # 

c. 

Measured  (CH__ 

GP  SG _ 

_) 

(1) 

Low _ 

__  dBrnCO  _ 

M  t  * 

(2) 

Mid 

_  dBrnCO 

•  III 

(3) 

High 

dBrnCO  .... 

•  •  »  • 

R.19  Baseband  Loading: 

a.  Calculated  (see  Suppl  4, 

DCAC  310-70-57)  . 

b.  Exceeded  10*  of  Time  . 

c.  Exceeded  50*  of  Time  (median)  .. 

d.  Recommended  PMP  Level  . 
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9.1  Type  Terminal  . 

9.2  VF  Channel  Data: 

a.  Design  Capacity  . 

b.  Number  of  Channels  Installed  ... 

c.  Number  of  Channels  in  Use  . 

d.  Number  of  VF  Channels  . 

e.  Number  of  Data  Channels  . 

f.  Number  of  Thru  6roups  . 

g.  Number  of  Thru  Supergroups  . 

i.j  Multiplex  Equipment  Type  . 

9.4  Radio  Equipment  Type  . 

o.b  Antenna  System: 

a.  Antenna  Size  (ft): 

(1)  Parabolic  . 

(2)  Near  Field  Passive  . 

(3)  Far  Field  Passive  . 

b.  Antenna  Gain  (dB): 

(1)  Parabolic  . 

(2)  Parabolic  and  Passive  . 

(3)  Far  Field  Passive  . 


A-42 
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STATION 

STATION  DATA  TABULATION-TROPO  (CONT'D)  FROM  TO 

c.  Transmission  Line: 

(1)  Number  # _ . 

(a)  Type  (RG,  UR,  etc)  .. 

(b)  Length  (meters)  . 

(c)  Loss  (dB)  . 

(2)  Number  # _ . 

(a)  Type  (RG,  UR,  etc)  .. 

(b)  Length  (meters)  . 

(c)  Loss  (dB)  . 

(3)  Number  # _ . 

(a)  Type  (RG,  WR,  etc)  .. 

(b)  Length  (meters)  . 

(c)  Loss  (dB)  . 

(4)  Number  # _ . 

(a)  Type  (RG,  WR,  etc)  .. 

(b)  Length  (meters)  . 

(c)  Loss  (dB)  . 

9.6  VSWR: 


a.  DCA  Standard 

b.  Measured: 


( 


) 


i.a*  /u2-i 


I  STATION  DATA  TABULATION-TROPO  (CONT'D) 


STATION 

FROM  TO 


(1)  transmission  Line  #1  . 

(2)  Transmission  Line  #2  . 

(J)  Transmission  Line  13  . . 

(4)  Transmission  Line  14  . 

<«  /  transmitter  Frequent:'  Assignment  (GHz): 

a.  Transmitter  ,11  . 

b. :  Transmitter  12  . 

4.H  Transmitter  Frequency  Accuracy  (X): 

a.  DCA  Standard  . .  ( 

b.  Manufacturer's  Specifications  .. 
t.  Measured: 

(1)  Transmitter  II  . 

(2)  Transmitter  12  . 

‘j.O  Transmitter  Power  (watts): 

a.  Manufacturer's  Specifications  .. 

b.  Measured: 

(1)  Transmitter  II  . . 

(2)  Transmitter  12  . 

9  10  transmitter  Deviation  (kHz  RMS): 

a.  Manufacturer's  Specifications  .. 

b.  Measured/Adjusted  to: 
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a.  DCA  Standard  .  (  ) 

b.  Manufacturer's  Specifications  .. 

c.  Measured: 

(1)  Transmitter  11  . 

(2)  Transmitter  #2  . 


}  -.12  RF  Pre-Amplifier  Gain: 

|  a.  Manufacturer's  Specifications  ..  (  ) 

b.  Measured: 

(1)  Receiver  II  . 

(2)  Receiver  12  . 

(3)  Receiver  13  . 

(4)  Receiver  14  . 

■i  13  RF  Pre-Amplifier  Noise  Figure: 

a.  DCA  Standard  . 

b.  Manufacturer's  Specifications  .. 

c.  Measured  : 

(1)  Receiver  #1  . 

(2)  Receiver  12  . 


h-h5 


1  DATA  TABULATION-TROPO  (CONT'U) 


STATION 


FROM  TO 


(3)  Receiver  #3  . 

(4)  Receiver  #4  . 

k  Hfe-Awpllfler  Bandwidth: 

a.  Manufacturer's  Specifications  .. 

b.  Measured: 

(1)  Receiver  11  . , . 

(2)  Receiver  #2  . 

(3)  Receiver  13  , . 

(4)  Receiver  14  . 

total  Receiver  Noise  Figure  (dB): 

a.  DCA  Standard  . 

b.  Manufacturer's  Specifications  .. 

c.  Measured: 

(1)  Receiver  #1  . 

(2)  Receiver  #2  . 

(3)  Receiver  13  . 

(4)  Receiver  #4  . 

Receiver  LO  Frequency  Accuracy  (<): 

a.  DCA  Standard  . 


b.  Manufacturer's  Specifications  .. 
l.  Measured: 


i 

\ 


( 


( 
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STATION  DATA  TABULATION-TROPO  (CONT'D) 


STATION 

FROM  TO 


0)  Receiver  #1  . 

(2)  Receiver  #2  . 

(3)  Receiver  #3  . 

(4)  Receiver  #4  . 

9.17  Receiver  FM  Threshold  (dBm): 

a.  .lanufacturer's  Specifications  .. 

b.  Measured: 

(1)  Receiver  #1  . 

(2) -  Rec>i1\  41 . 

(3)  Receiver  #3  .  . 

(4)  Receiver  #4  . 

9.18  Threshold  Extension  Improvement  (dB): 

a. .  DCA  Standard  . 

b.  Manufacturer's  Specifications  .. 

\ 

c.  Measured: 

(1)  Receiver  #1  . 

(2)  Receiver  #2  . 

(3)  Receiver  #3  . 

(4)  Receiver  14  . 

9.19  Receiver  IF  Bandwidth  (MHz): 


) 


STATION 


I'/ATA  TMULATION-TROPO  (CONT'D)  FROM  TO 


•i  Manufacturer's  Specifications  .. 

Meas.-td* 

(1X  Receiver  #1  . 

v?)  Receiver  #2  . 

<*•'  Receiver  13  . 

(*‘  Receiver  #4  . 

•  *  i^uei <y  at  7ero  Discriminator 

•.■Vut  (MHz) : 

u,  Manu.acturer's  Specifications  ... 

).  Measured; 

( i }  Receiver  #1  . 

rri  Receiver  #2  . 

(3)  Receiver  #3  . 

(4 j  Receiver  #4  . 

Iv  y  Oiscrlmlnator  Characteristics 

-  ut  Non-i  inear ity) : 

.i.  WS  Standard  .  (  ) 

h.  Manufacturer's  Specifications  ... 
c.  Measured: 

(1)  Receiver  fl  .  (  ) 

Receiver  #2  . 
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MAi ION  DATA  IARi.JIATION-TROPh  (CCliT'D) 


STAl (ON 


9  12  Radio 
at 


a 

b 


c 


IRf*1 


(3)  Receiver  #3  . 

(4)  Receiver  #4  . 

Equipment  NPR/BNR  (dB)  for  RF  Loop 
dBmO  Loading: 


DCA  Standard  .... 

Manufacturer's  Specifications  ... 

Measured  (TX  N 

RX  No _ ): 

( 1 )  Low 

(kHz)  . 

(2)  Mid 

(kHz)  . 

(3)  High 

(kHz)  . 

(4)  RSL  During  Test  (dBm)  . 

Measured  (TX  No_ 

RX  No  ) : 

(1)  Low  _ 

(kHz)  . 

(2)  Mid 

(kHz)  . 

(3)  High 

(kHz)  . 

(4)  RSL  During  Test  (dBm)  . 

Measured  (TX  No_ 

RX  No  ) : 

(1)  Low 

(kHz)  . 

(2)  Mid 

(kHz)  . 

(3)  High _ 

(kHz)  . 

(4)  RSL  During  Test  (dBm)  . 
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I  "HON  DATA  TABULATION-TROPO  (CONT'D) 


STATION 

FROM  TO 


f. 

Measured  (TX  No_ 

_ W  No _ ): 

(1)  Lou 

(kHz)  . 

(2)  Mid 

(kite)  . 

(3)  High 

(kite)  . 

(4)  RSL  During  Test  (d B»)  . 

Radio  Equipment  NPR/BNR  (dB)  for  IF  Loop 
at  d&eO  Loading: 

a. 

DCA  Standard  ... 

b. 

Manufacturer's  Specifications  .. 

Ca 

Measured  (TX  Ho_ 

_ RX  No _ ): 

0)  Low 

(kHz)  . 

(2)  Mid 

(kHz)  . 

(3)  High 

(kHz)  . 

(4)  RSL  Ourlng  Test  (dBu)  . 

d. 

Measured  (TX  No_ 

_ RX  No _ ): 

(1)  Lou  _ 

.  (kHz)  . 

(2)  Mid 

.  (kHz)  . 

(3)  High 

(kHz)  . 

(4)  RSL  During  Test  (dBi)  ..... 

e. 

Measured  (TX  No_ 

_ RX  No _ ): 

(1)  Lou 

.  (kHz)  . 

A- 50 


.TflllON  DATA  TABULATION-TROPO  (COAT'D) 


STATIC 


rROM 


(2)  Hid  _  (kHz)  . 

(3)  High _ (kHz)  . 

(A)  RSL  During  Test  (dBm)  . 

f.  Measured  PX  No _ RX  No _ ): 

(1)  LOW _ (*Hz)  . 

(2)  Mid  _  (kHz)  . 

(3)  High _ (kHz)  . 

(4)  RSL  Ouring  Test  (dBm)  . 

<.24  kkiltlplex  Equipment  Loop  NPR/BNR  (dB)  for 
_  dBmO  Loading: 

a.  Manufactuer's  Specifications  .... 

b.  Measured: 

(1)  Low _ (kHz)  . 

(2)  Mid  _ (kHz)  . 


(3)  High _ (kHz) 


APPENDIX  B 

Predicted  Performance  Levels 
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Section  I  -  Instructions 


GENERAL; 

Prior  to  each  wideband  evaluation,  certain  calculations 
must  be  performed  so  that  a  prediction  of  the  key  system 
parameters  (RSL,  Receive  Threshold,  ICN,  etc.)  can  be  obtained. 
These  predictions  will  be  used  on  arrival  at  the  site  to  be 
evaluated  as  a  basis  for  fault  isolation  and  determining 
equipment  performance  under  specified  conditions.  In  order 
that  valid  predictions  can  be  made,  certain  parameters  and 
specifications  are  essential.  Generally,  these  can  be  obtained 
from  the  equipment  technical  manuals,  engineering  design  plans 
or  site  records.  Table  B-l  contains  a  list  of  parameters  that 
are  necessary  to  perform  the  required  calculations. 

The  test  teams  must  also  review  the  CREDATA,  PMP,  and  other 
data  available  within  the  detachment  prior  to  departing  for  an 
evaluation.  Pertinent  data  such  as;  on  hand  TMDE,  site 
coordinates,  and  etc.,  will  be  extracted  from  the  CREDATA  and 
verified  while  on  site.  The  PMP  data  will  provide  some 
Indication  of  the  quality  of  the  system  and  can  be  used  to 
Isolate  and  correct  problem  areas  while  on  site.  This  data 
along  with  the  preliminary  testing  should  also  provide  Informa¬ 
tion  on  additional  diagnostic  test  routines  that  must  be 
completed  before  the  final  data  collection  is  initiated. 


PATH  PROFILES 


The  first  step  In  obtaining  accurate  system  predictions 
IS  the  preparation  of  a  path  profile  for  the  link  to  be 
evaluated.  The  profiles  are  used  to  obtain  detailed  Informa¬ 
tion  about  the  terrain  between  the  transmitting  and  receiving 
antenna.  Therefore,  accuracy  Is  of  utmost  Importance  in  their 
preparation.  Detailed  Instructions  on  preparing  the  path 
profile  can  be  found  In  CCTM  105-50  and  AFCS  100-61. 

The  path  profile  Is  to  be  prepared  by  the  test  teams  and 
dhtered  on  the  data  shedt  shown  at  Figure B-1.  Entries  on  this 
form  must  be  legible  and  of  sufficient  quality  to  permit 
reproduction  without  loss  or  degradation  of  the  Information. 
PATH  CALCULATIONS 

Once  the  path  profile  has  been  completed,  path  predictions 
dan  be  performed.  Detailed  Instructions  for  the  calculation  of 
LOS,  tropospheric  scatter,  and  transhorizon  path  parameters  can 
be  found  In  CCTM  105-50,  AFCS  100-61,  and  NBS  Technical  Note 
101.  The  most  Important  parameters  derived  from  these 
calculations  are: 

(1)  Predicted  Receive  Signal  Level. 

(2)  Fade  Margin. 

(3)  RSL  at  FM  Threshold. 

(4)  System  outage  probability. 

(5)  Predicted  Receiver  Thermal  Noise. 


CCP  702-1 

(6)  Total  Radio  Noise. 

(7)  Total  Link  Noise. 

A  typical  list  of  required  parameters  are  shown  In  Table  B-1. 

The  measured  values  of  the  preceedlng  parameters  must  be 
compared  to  the  predicted  values  to  determine  what  problems.  If 
any,  exist  in  the  equipment.  The  Team  Chiefs  are  required  to 
perform  the  necessary  calculations  and  complete  the  data 
elements  shown  in  Figure  &>2  through  B-1 1 ,  as  applicable  for 
each  system  to  be  evaluated.  The  predicted  performance  levels 
can  be  accomplished  while  the  test  teams  are  at  the  evaluated 
station,  however,  It  is  recommended  that  they  be  completed 
prior  to. departing  their  home  station.  The  calculations  shown 
in  Figures  B-2  through  B-1 1  are  typical  of  links  that  have  been 
evaluated. 

TRANSMITTER  DEVIATION  (FIRST  CARRIER  DROPOUT  METHOD) 

The  proper  amount  of  carrier  deviation  to  be  used  on  any 
particular  FM  radio  system  is  established  during  system  design, 
and  depends  upon  the  balance  between  thermal  noise  and  inter¬ 
modulation  distortion  to  be  permitted  in  the  system.  Before 
proceeding  further,  it  is  necessary  to  remember  that  In  FM 
systems,  noise  of  thermal  origin  appearing  In  the  baseband  after 
frequency  demodulation  is  inversely  proportional  to  the  received 
RF  carrier  level  and  the  square  of  carrier  deviation;  similarly, 
baseband  noise  appearing  as  intermodulation  products  Increases 
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with  the  square  of  deviation.  The  absolute  value  of  these 
intermodulation  products  depends  upon  equipment  linearity* 
feeder  echo  distortion,  and  In  the  case  of  tropospheric  scatter, 
frequency  selective  fast  fading  due  to  multipath  propagation. 

All  this  means  Is  that  for  any  specific  carrier  level  (RSI), 
equipment  configuration,  and  path  geometry,  thermal  noise 
decreases  with  Increasing  deviation,  and  Intermodulation  products 
Increase  with  Increasing  deviation.  This  would  suggest  that  some 
optimum  deviation  exists  at  which  the  sum  total  cf  thermal  and 
Intermodulation  noise  Is  minimum.  It  Is  a  proven  fact  that  for 
second  order  terms,  the  sum  of  thermal  and  Intermodulation  noise 
Is  minimized  when  they  are  equal  to  each  other  (see  Figure  B-12). 
Thus  to  achieve  the  minimum  amount  of  noise  for  the  maximum 
period  of  time,  It  Is  the  usual  practice  of  FM  system  designers 
to  caloulate  the  test  tone  deviation  which  results  In  equal 
contribution  of  thermal  and  Intermodulation  noise  In  the  presence 
of  some  specified  RF  signal  level,  usually  the  expected  or  median 
value.  When  a  specific  optimum  carrier  deviation  has  been 
established,  It  Is  a  problem  for  the  technician  to  set  and 
periodically  check  that  the  deviation  is  of  the  proper  value; 
remembering  that  all  test  tone  power  levels  In  the  system  are 
proportional  to  the  square  of  deviation,  It  should  be  apparent 
that  all  system  levels  (and  consequently  channel  noise)  are 
critically  dependent  upon  carrier  deviation. 


e-4 
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l>.  The  method  used  by  the  TEP  test  teams  to  set  deviation  is  the 
first  carrier  dropout  method.  It  Is  characteristic  of  all 
frequency  or  phase  modulated  radio  systems  that  for  certain 
frequencies  of  modulation  tones,  the  carrier  (In  the  modulated 
signal)  will  disappear.  This  disappearance  is  due  to  phase 
cancellation  of  certain  components  produced  during  modulation 
and  always  occurs  with  mathematical  precision.  The  mathematical 
relationships  describing  this  phenomenon  are  termed  "Bessel 
Functions."  Specifically  of  Interest  here  is  the  relationship: 

M  a  Dp 
H 

This  defines  the  modulation  Index  and  Indicates  the  modula¬ 
tion  index  equals  the  ratio  of  peak  per  channel  carrier  deviation 
to  the  frequency  of  the  tone  used  to  produce  it.  When  the  mod¬ 
ulation  index  (this  ratio  of  carrier  deviation  to  test  tone 
modulation  frequency)  equals  2.41,  the  carrier  will  disappear. 
Knowing  the  carrier  disappears  when  the  modulating  Index  equals 
2.41,  the  desired  "Optimum"  deviation  Op  can  be  substituted  and 
the  above  equation  solved  for  ft,  the  so-called,  Bessel  drop-out 
test  tone  frequency.  This  frequency  at  a  level  of  0  dBmO  will 
produce  the  required  deviation  If  the  system  does  not  have  pre¬ 
emphasis.  However,  a  number  of  the  systems  encountered  by  the 
TEP  teams  during  an  evaluation  will  have  pre-emphasis  networks. 
The  problem  can  be  summarized  as  follows:  If  modulator 


B-5 


deviation  Is  adjusted  using  the  test  tone  (ft)  above  with  a  level 
of  0  dBmO  In  a  pre-emphaslzed  system,  the  actual  baseband 
traffic  will  not  be  represented.  The  amount  of  pre-emphasis 
(and  consequently,  deviation)  will  be  different  for  other  base¬ 
band  frequencies  because  of  the  pre-emphasis.  Therefore,  some 
baseband  frequency  must  be  found  at  which  the  net  pre-emphasis 
effect  Is  zero.  This  frequency  Is  called  the  pivot  frequency, 
or  In  some  references,  mean  baseband  frequency.  Below  this 
frequency,  the  modulator  Input,  level  Is  less  and  above  this 
frequency,  the  Input  level  Is  greater.  A  formal  definition  of 
pivot  frequency  would  be  that,  frequency  In  the  baseband  for 
which  the  RMS' deviation  In  aft  emphasized  system  with  white  noise 
loading  Is  equal  to  that  of  a  flat  system  when  the  RMS  power 
Input  (modulating  white  noise  level)  to  the  modulator  Is  the 
same  In  both  cases. 

The  problem  now  becomes  one  of  determining  the  plvut 
frequency  and  the  test  tone  level  that  must  be  used  to  set 
deviation  In  an  emphasized  system.  The  first  step  In  solving 
this  problem  Is  to  determine  the  type  of  pre  ^«pha$1s  In  the 
system.  There  are  basically  three  types  of  pre-emphasis  that 
may  be  encountered  In  the  field.  These  three  types  are 
discussed  In  the  succeeding  paragraphs. 

REL  Pre-emphasis;  REL  type  pre-emphasis  provides  a  12  dB  boost 
to  the  top  baseband  frequency.  The  characteristic  curve  for 
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REL  pre-emphasis  Is  shown  in  Figure  b-13.  Figure  B-13  is 
plotted  for  any  baseband  configuration.  The  abscissa  Is  the 
normalized  frequency  (f/f^ax)  where  f  is  the  baseband  frequency 
of  interest  and  fmax  is  the  maximum  baseband  frequency.  The 
following  equation  Is  used  to  derive  this  curve: 

Ip  -  10  log  1  +  15  (f/f^)2 

where:  Ip  3  Pre-emphasis  improvement  for  the  frequency  of 

interest 

f  *  The  baseband  frequen'y  of  Is. Merest 
fmax  ’  Maximum  baseband  frequency 
The  pivot  frequency  for  this  type  of  pre-emphasis  can  be 
found  by  using  the  .ol lowing  relationship: 


where: 


Pre-emphasis  Improvement 
(Ip)  at  pivot  frequency  *  10  log 


*2 

R]  (Ip  11near)dR 


R2 

R1 


dR 


Ip  linear  ■  the  linear  portion  of  the  pre-emphasis 
equation 


1  +  15  <f/f„„x)2 


Rl  ■  f/fmax  *  Lowest  baseband  frequency  divided  by 
the  maximum  baseband  frequency 

r2  "  fmax/ ^max  3  Maximum  baseband  frequency  divided 

by  the  maximum  baseband  frequency  ■  1 

As  an  example  let's  assume  a  24  channel  system  with  a 

baseband  of  12  kHz  -  108  kHz. 
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R1  -  12  x  103/108  x  103  •  O.n 
R2  •  108  x  103/108  x  103  -  1.0 
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-  10  log  £6.61  3 

»  8.2  dB  ■  pre-emphasis  Improvement  at  the  pivot 
frequency 

In  every  case  where  REL  pre-emphasis  Is  used,  this 
Integration  will  yield  approximately  8  dB.  Therefore,  the 
pivot  frequency  for  any  baseband  can  be  found  from  the  pre¬ 
emphasis  curve  by  finding  the  frequency  corresponding  to  8  dB. 

Now  that  the  pivot  frequency  Is  known,  the  level  used  to 
set  deviation  can  be  found.  The  RMS  (or  peak)  deviation  per 
channel  can  usually  be  found  In  the  Equipment  Technical  Manual 
or  Manufacturer's  Specifications.  This  value  Is  stated  for 
the  pl^ot  frequency.  With  this  per  channel  RMS  deviation  value 
and  the  pivot  frequency  obtained  from  the  above  calculations, 
the  test  tone  level  can  be  determined  from  the  following 
equation:  _ 

Ln(dBmO)  •  20  log  fP 

&  ORMS 

where: 

Ln(dBmO)  »  required  test  tone  level 
fp  *  modulating  (pivot)  frequency 
Drms  *  RMS  ptr  channel  deviation  desired 

Using  the  pivot  frequency  at  the  test  tone  level  calculated 
above,  the  correct  deviation  can  he  set  on  a  modulator  with  REL 
pre-emphasis. 
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d.  CCIR  Pre-emphasis:  Probably  the  most  common  type  of  pre¬ 
emphasis  Is  that  recommended  by  CCIR.  The  characteristic  curve 
for  CCIR  pre-emphasis  Is  shown  In  Figure  B-14.  Once  again  the 
pre-emphasis  Improvement  Is  plotted  versus  f/fmax*  ™e  CCIR 
pre-empbasls  curve  Is  defined  by: 

Ip  -  5  -  10  log 


where: 

fr  ■  circuit  resonant  frequency  a  1.25  f^ax 
ffoax  *  the  highest  baseband  frequency 
f  ■  the  frequency  of  Interest 
The  pivot  frequency  Is  once  again  found  by  the  Integration 
method  used  on  the  REL  curve.  In  the  case  of  CCIR  pre-emphasis, 
Ip  -  linear  would  be: 

Ip  linear  « 


If  the  Integration  Is  performed  In  the  same  manner  as  with 
REl  pre-emphasis,  the  results  would  be  that  the  pivot  frequency 
occurs  at  the  frequency  corresponding  to  0  d6  on  the  curve. 

As  In  the  REL  case,  the  test  tone  level  Is  found  using  the 
formula: 


1  + 


6.9 


1  +/  5.25 


(fr/f  -  f/M2 


') 


1  + 


6.9 


1  +/  5.25 

TfJf  -  f/fr)* 
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lnf dBniO)  .'0  log  |  2J  fJ> _ 

[_  ,r7oRMS 

Us  my  the  pivot  frequency  and  the  level  calculated  by  the 
formula  uUuvl,  the  deviation  cart  be  set  correctly  on  systems 
utilizing  pre-cnphasi j  flwtwor>.»  recommended  by  CCIR. 
e.  Systems  Defined  by  «  Ijjtc  tuiivtarit:  Sometimes  a  system  will 
have  a  time  constant  that  differs  from  that  recommended  by  REL. 
If  this  is  the  case,  the  t\EL  pre-emphasis  curve  will  not 
accurate!/  lei  me  rut*  ;-r<  emphasis  effects.  Therefore,  a 
method  is  needed  to  pi  t  .1  pre-emphasis  curve,  if  only  the  pre¬ 
emphasis  circuit  time  constant  is  known.  If  this  is  the  case, 
the  following  relationship  can  be  used: 

Ip  *  10  log  (I  +  .19.5  f2  t2) 

where: 

f  =  Any  baseband  frequency  In  Hz 
i  -  Pre-emphasis  circuit  time  constant 

The  pre-emphasis  improvement  at  the  pivot  frequency  can  be 
found  by  lh_-  same  integration  method  that  was  used  for  the  REL 
curve.  Ip  linear  in  this  case  would  be: 

Ip  linear  =  1  +  39.5  f2  t2 

If  the  results  of  this  integration  is  equated  to  Ip  ■  10  log 
(1  +  39.5  f2  t2)  a  general  formula  can  be  derived  to  find  the 
pivot  frequency.  This  formula  is: 


B-U 


where: 


fp  *  pivot  frequency 
fmax  *  maximum  baseband  frequency 
fo  *  lowest  baseband  frequency 
The  test  tone  level  can  be  calculated  In  the  same  manner 
as  It  was  for  CCIR  and  REl  pre-emphasis. 

It  should  be  made  clear  that  sometimes  a  technical  manual  will 
prescribe  a  frequency  and  level  other  than  the  pivot  frequency 
at  the  appropriate  level.  There  Is  nothing  wrong  with  this  as 
long  as  the  difference  In  pre-emphasis  between  the  pivot 
frequency  and  the  new  frequency  Is  taken  Into  account  In  the 
new  level.  This  Is  exactly  what  Is  done  in  the  case  of  the 
AN/FRC-84.  On  the  NEC  equipment,  the  pre-emphasis  Is  removed 
and  replaced  with  a  5  dB  pad  and  the  deviation  Is  set  using  a 
200  kHz  tone  (fp  ■  810  kHz  for  this  system).  It  Is  rletr  that 
the  equipment  technical  specifications  should  be  consulted  to 
determine  If  special  techniques  are  used  to  set  deviation. 

Table  B-2  presents  the  pivot  frequencies  for  different  baseband 
configurations  for  both  REL  and  CCIR. 

QUIETING  CURVE  CALCULATIONS 


Probably  the  most  Informative  radio  data  obtained  during  an 
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evaluation  is  the  quieting  data.  Since  the  results  of  this 
test  are  dependent  upon  IF  bandwidth,  receiver  noise  figure, 
RSL,  and  frequency  deviation,  it  can  be  used  as  a  heck  of  the 
results  obtained  during  other  tests.  It  is  essential  that  the 
data  and  plots  be  as  accurate  as  possible.  Slight  variations 
can  result  in  large  errors  when  the  other  parameters  are 
calculated. 

b.  Referring  to  Figure  B-15,  there  are  four  distinct  regions  on 
the  quieting  curve  defining  output  idle  noise  as  a  function  of 
Increasing  RF  carrier  Input.  At  minimum  inputs,  the  output 
noise  has  a  constant  value  which  does  not  vary  with  small 
changes  of  input  carrier.  This  portion  may  be  considered  the 
first  region.  In  well  designed  FM  receivers, gain  is  sufficient 
to  cause  limiter  saturation  by  this  noise.  When  this  Is  the 
case,  Increasing  carrier  Input  to  the  receiver  results  In  the 
output  noise  decreasing  sharply.  This  may  be  considered  the 
second  region.  It  represents  capture  of  the  limiters  by  the 
carrier.  At  the  end  of  this  region  Is  a  transition  point,  the 
threshold  of  limiter-capture  curvature.  This  Is  also  known 
as  FM  threshold.  Beyond  this  threshold,  noise  output  Intensity 
decreases  linearly  with  carrier  intensity.  This  is  the  third 
region  of  the  curve.  In  this  region  S/N  increases  1  dB  with 
every  i  dB  increase  In  RSL.  Eventually,  a  final  plateau  of 
asymptotic  quieting  is  reached  due  to  saturation  of  the  IF 
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amplifier  by  the  carrier.  The  noise  in  this  region  represents 
a  fully  quieted  receiver.  In  this  fourth  region,  further 
Increases  In  RSL  will  cause  no  change  In  the  noise  output,  and 
the  noise  output  should  be  the  same  as  would  exist  If  the 
receiver  stages  prior  to  the  limiter  were  removed.  Asymptotic 
quieting  usually  occurs  In  the  region  of  -75  to  -85  dBmO  noise 
power.  Back-to-back  equipment  performance  loop  tests  should  be 
performed  In  this  region  so  that  parameters  such  as  Intermodu- 
latlon  and  test  tone  levels  can  be  examined  with  minimum 
masking  effects  from  thermal  noise. 

Prior  to  each  evaluation,  calculations  can  be  performed  to 
determine  the  signal  to  noise  (S/N)  for  RSLs  falling  In  the 
linear  portion  of  the  quieting  curves.  These  calculated  values 
can  then  be  used  as  a  "Quick  check"  of  data  as  it  Is  being 
measured. 

lhe  >irst  step  of  this  process  Is  determination  of  the 
approximate  extent  of  the  linear  portion  of  the  quieting  curve. 
The  following  equation  can  be  used  to  determine  FM  threshold: 

FM  Threshold  ■  10  log  kT  +  10  log  Bw  +  NF  +  10  dB 

where: 

k  *  Boltzmann's  constant  ■  1.38  x  10"^  w  -  sec 

“■E — 


T  ■  290  degrees  (Kelvin) 
NF  s  Noise  Figure 


i 

V 
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Bw  =  IF  Bandwidth  (3  dB  points)  In  Hz 

NOTE:  10  log  kTB  equals  power  In  watts.  This  Is  converted 
to  Mw  by  subtracting  30  dB  from  10  log  kTB 

Substituting  values  for  k  and  T  gives: 

FM  Threshold  =  -164  +  10  log  Bw  +  NF 

The  quieting  curves  can  be  assumed  linear  at  RSI.s  above  the 

value  obtained  for  the  FM  threshold.  The  limit  of  linearity 

occurs  at  the  asymptotic  quieting  (Region  IV)  portion  of  the 

curve. 

Knowing  the  possible  extent  of  the  linear  portion,  the  S/N 

for  a  signal  receiver  at  any  RSL  In  the  region  can  be  calculated 

from  the  following  equation: 

S/N  »  RSL  -  10  log  kT  -  NF  +  20  log  °P  +  Ip  -  10  log  2b 

?m 

where: 

S/N  ■  Signal  to  thermal  noise  ratio  (dB) 

RSL  ■  Receive  Signal  Level 

k  »  Boltzmann's  constant  *  1.38  x  10"^  w  -  sec 

— *Tc — 

fm  =  Frequency  of  Interest  (usually  the  top 
frequency  slot) 

T  *  290°  Kelvin 

NF  =  Noise  Figure 

Dp  =  The  per  channel  peak  deviation  at  zero  pre¬ 
emphasis 

Ip  =  Pre-emphasis  improvement  for  the  slot  involved 
(from  equation  or  pre-emphasis  curve) 
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b  *  Channel  bandwidth,  Hz 

Since  we  know  the  values  of  k  and  T  the  above  equation  can 
be  simplified  to  the  following  relationship: 

S/N  =  RSL  +  174  -  NF  +  20  log  °P  +  Ip  -  10  log  2b 

?m 

d.  At  this  point,  several  of  the  factors  In  the  above  equation 
should  be  discussed  since  their  meaning  may  not  be  obvious  to 
the  engineer  performing  the  analysis. 

(1)  Dp-thls  factor  Is  the  per  channel  peak  deviation  at  the  point 
of  zero  pre-emphasis.  It  Is  most  Important  that  thts  term  be 
calculated  for  systems  using  REL  pre-emphasis.  In  the  dis¬ 
cussion  on  pivot  frequency  It  was  pointed  out  that  the  RMS  (or 
peak)  per  channel  deviation  glvfn  In  the  Technical  Manual  or 
Equipment  Literature  Is  stated  for  the  pivot  frequency.  It 
should  also  be  remembered  that  the  pivot  frequency  occurs  at  a 
pre-emphacls  Improvement  of  approximately  8  dB  for  REL  pre¬ 
emphasis.  Since  pre-emphasis  Improvement  (Ip)  Is  Included  In 
the  equation,  the  per  channel  RMS  deviation  has  to  be  translated 
back  to  0  dB  pre-mphasls  so  that  the  equation  accurately 
defines  the  curve.  The  following  procedures  are  used  to 
calculate  Dp: 

a.  From  the  equipment  specification  determine  the  per 
channel  RMS  deviation. 

b.  From  the  deviation  test  (or  Technical  Manual)  find  the 
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test  tone  frequency  and  level  required  to  produce  first  carrier 
dropout. 

c.  From  the  pre-emphasis  curve  (or  appropriate  equation) 
find  the  pre-emphasis  Improvement  for  the  above  test  tone/ 
frequency. 

d.  Apply  the  above  values  to  the  following  relationship:  % 


2.4  fp 

Anti log 

!n(0  dBmOjt  +  Ip 

20  J 

where: 


fp  ■  Test,  tone  pi  vet  frequency  required  for  first 
carrier  dropout 

Ln(0  dMO)  *  The  level  of  the  test  tone  used  for 
first  carrier  dropout 

Ip  *  Pre-emphasis  Improvement  at  the  test  tone 
frequency 

The  value  calculated  from  the  above  equation  Is  to  be  used 
In  the  quieting  curve  equations  for  any  slot  of  Interest.  This 
allows  for  the  pre-amphasis  Improvement  for  the  slot  of 
Interest  to  be  taken  directly  from  the  pre-emphasis  curve  or 
calculated  from  the  appropriate  equation.  It  should  be  pointed 
out  that  Op  only  has  to  be  calculated  for  systems  using  REL 
pre-emphasis  or  systems  where  pre-emphasis  Is  defined  by  a  time 
constant.  Transmitters  with  CCIR  pre-emphasis  don't  require 
the  calculation  of  Op  since  the  pivot  frequency  occurs  at  0  dB 
pre-emphasis. 
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As  a  point  of  1 n tarts t,  tht  par  channal  RMS  deviation  for 
any  fraquency  In  an  iMphasIzad  baseband  can  be  computed  using 
the  following  formula: 

d'kms  *  (+)  Anti  log  (iy20) 
where:  \  / 

D’xms  *  p#r  channel  RM$  frequency  deviation  for  any 
frequency  In  the  baseband 

rD  ■  Pre-emphasis  Improvement  for  the  desired 
v  frequency 

(  2  )  Pre-emphasis  Improvement  (Ip):  The  value  of  Ip  Is  determined 
directly  from  the  pre-emphasis  curve  or  with  the  appropriate 
equation  at  the  frequency  of  Interest.  However »  for  systems 
utilizing  REL  type  pre-emphasis,  Op  must  be  calculated  and  used 
In  the  S/N  equation  as  previously  discussed  to  obtain  accurate 
results.  > 

(  3)  Channel  bandwidth:  This  refers  to  the  test  channels  bandwidth. 
In  most  cases  the  Sierra  128A  frequency  selective  voltmeter  or 
equivalent  Is  used  for  measuring  the  quieting  data.  The  band- 
width  Is  3.1  kHz,  however.  If  other  Instruments  are  used,  the 
bandwidth  of  the  test  slot  should  be  noted  on  the  quieting  data 
sheet. 

Applying  the  above  Information,  assume  a  radio  Is  to  be 
evaluated  with  the  following  specifications: 

HF  »  4  dB 

IF  B*  •  6  MHz  at  the  3  dB  points 
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Per  channel  RMS  deviation  »  100  kHz 
Number  of  channels  ■  120 
Baseband  ■  60  -  552  kHz 
Type  of  pre-emphasis  ■  REL  (1.2)  usee 
The  first  step  Is  to  calculate  a  theoretical  FM  threshold: 

FM  Threshold  ■  -164  +  10  log  B*  +  NF 

-  -164  ♦  10  log  (6  y  106)  +  4 

-  -92.2  dBm 

Next,  the  S/N  at  any  RSL  on  the  linear  portion  of  the  curve 
can  be  calculated.  Before  applying  the  S/N  equation  It  should 
be  noted  that  the  specifications  call  for  REL  pre-emphasis,  thus 
requiring  that  Dp  be  calculated. 


D 


P" 


2.4  fp 

Anti  log  /  L  (0  dBmO)~ 
\  20 


From  the  pre-emphasis  curve  we  find: 

fp  -  337  kHz  (equation  shown  on  Page  2-12). 
Ip  337  kHz  •  10  log  [l  ♦  !S|337j*J  -  8.19  dB 

t  (0  dfimO)  *  20  log  /2.4  (337)\  ■ 

\/7(100)/ 


+15.1  dBmO 
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Assume  an  RSL  of  -80  dBm  and  a  3.1  kHz  channel: 

For  80  kHz  slot  Ip  ■  10  log  |j  ♦  15  |^80j*]  ■  1.2  dB 

S/N  -  RSL  +  174  -  NF  +  20  log  j|j>  ♦  Ip  -  10  log  2b 

■  -80  ♦  174  -  4  +  20  log  55  *  1.2  -  37.9 

®F 

-  50.1  dB 

For  270  kHz  slot  ID  »  10  log  fl  +  15/fc70\2l  •  6.6  dB 

u  l?57H 

S/M  -  -80  ♦  174  -  4  ♦  20  log|^|»  6.6  -  37.9 
•  44.9  dB 

For  550  kHz  slot  Ip  •  10  log  [l  ♦  15  12.0  dB 

S/N  -  -80  ♦  174  -  4  ♦  20  log  55  ♦  12  -  37.9 


-  44.1  dB 

(4)  The  Value  obtained  for  FM  Threshold  and  S/N  should  be  listed  on 
a  form  such  as  the  one  Illustrated  In  Figure  b-16  and  given  to 
the  radio  technicians  prior  to  the  mission.  The  values  measured 
in  the  field  can  be  compared  to  the  calculated  values  for  a 
quick  check  of  systw  performance  while  the  test  Is  being 
conducted.  It  should  be  noted  at  this  point  that  the  calculated 
value  for  the  low  slot  may  not  always  agree  with  the  calculated 
data.  The  accuracy  will  Jepend  on  the  residual  modulation  of 
the  signal  generator  used  to  perform  the  test. 
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!  An  Important  point  that  should  be  apparent  from  this 

discussion  Is  that  S/N  at  RSLs  above  FM  Threshold  Is  not 

i 

affected  by  the  IF  bandwidth.  Only  FM  Threshold  Is  determined 
by  the  IF  bandwidth. 

(5)  One  other  factor  that  may  be  used  to  determine  the  quality  of 
FM  quieting  data  Is  the  degree  of  S/N  Improvement  at  threshold. 
This  Is  the  noise  reduction  between  noise  saturation  and  FM 
threshold.  This  can  be  calculated  as  follows: 

S/N  Improvement  factor  ■  20  log  ®*P  +  to  log 

V  W 

where: 

O'n  ■  Per  channel  peak  deviation  for  the  modulating 
frequency  with  the  effects  of  pre-emphasis 
Included  (kHz) 

■  Dp  Antllog 

I'p  ■  Pre-emphasis  for  the  slot  being  Investigated 
fm  ■  Baseband  frequency.  (kHz) 

'  Bw  »  IF  bandwidth  In  Hz 

b  ■  Channel  bandwidth  In  Hz 

j  •  To  Illustrate  the  use  of  this  relationship,  consider  the 

i  receiver  with  the  characteristics  of  the  one  used  In  the 

proceeding  example.  Ihe  IF  bandwidth  was  6  MHz  and  Dp  was 
found  to  be  55  kHz.  Therefore: 

D'p  «  Dp  Antllog 
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For  the  ?70  kHz  slot; 


O'n  •  (55)  (Anti log  6.6) 

W 

«  117.6  kHz 

FM  Improvement  «  20  log  117.6  (kHz 


♦  10  loqftx  JO6  \ 
\6.2  x  10 7 


■  22.6  dB  for  V"  270  kHz  slot 
The  value  calculated  above  should  equal  the  difference  In 
S/N  between  noise  saturation  and  FM  Threshold  on  the  quieting 
curves. 

(6  )  With  the  calculations  of  S/N,  FM  Threshold,  and  FM  Improvement 
at  threshold,  the  validity  of  the  quieting  data  can  easily  be 
checked  In  the  field.  If  the  calculated  values  do  not  agree 
with  the  measured  values, a  problem  exists  which  would  require 
further  Investigation. 


The  emission  bandwidth  required  for  different  channel 
configurations  varies  according  to  the  highest  frequency  In  the 
baseband  and  the  desired  per  channel  RMS  deviation.  The 
required  bandwidth  for  different  channel  configurations  can  be 
calculated  using  the  following  relationships: 

Bn  "  2  fBtH  +  2  D$K 

where: 

By  *  Required  bandwidth  In  kHz 
fmax  *  Maximum  modulating  frequency 
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0S  3  Peak  system  deviation  In  kHz 

47  Drms  .  Log’1  ■M  loj  NjJ 

dRNS  *  RMS  per  channel  deviation  desired 

K  •  A  numerical  factor  depending  upon  allowable 
distortion.  The  value  commonly  used  Is  0.9 

N  >  Number  of  channels 

The  above  relationship  provides  accurate  results  as  long  as 
the  deviation  ratio  (H)  Is  less  than  2.  The  deviation  ratio  is 
defined  as  maximum  carrier  deviation/maximum  modulating 
frequency.  If  2  *  M  s  10  the  following  relationship  should  be 
used  to  find  emission  bandwidth: 

,>  ®w  "  *  *max  +  ^ 

The  above  formulas  allow  emission  bandwidth  (3  dB  points 
to  be  calculated  If  the  number  of  channels  (N)  is  less  than  240. 
If  the  number  of  channels  (N)  is  equal  to  or  greater  than  240 
channels,  -1  +  4  log  N  must  be  replaced  with  -15  +  10  log  N. 

For  DCA  loading  use  -10  +  10  log  N  for  all  channel  capacities. 
SUMMARY 

The  preliminary  analysis  procedures  are  designed  to  provide 
the  test  teams  with  a  general  Idea  of  what  to  expect  from  the 
systems  during  an  evaluation.  Many  factors  will  cause 
deviations  from  the  predicted  values,  however,  the  predicted 
values  provide  a  basis  for  fault  detection  and  correction.  One 
important  consideration  when  evaluating  the  quieting  data  Is 
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that  of  test  equipment  capability.  The  accuracy  of  loner  slot 
data  Is  limited  by  the  residual  noise  of  the  signal  generator 
and  this  fact  should  be  kept  In  mind  during  the  data  analysis. 
The  quieting  data  can,  however,  provide  much  Insight  Into  the 
receiver  faults  If  properly  evaluated. 


O 


$ 
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TABLE  B-l 

LIST  OF  PARAMETERS  REQUIRED  FOR  PATH  CALCULATIONS 


a.  type  Diversity  _ 

l).  Transmit  Power  dBm 

c.  Transmit  Antenn*  Gain  _ dB 

d.  Receive  Antenna  Gain  _ dB 

e.  Receive  Frequencies  MHz 

f.  Line  and  Miscellaneous  Losses: 

1 .  Interface  losses  dB 

2.  Insertion  losses  dB 

3.  Waveguide  losses  dB 

4.  Total  transmit  losses  dB 

5.  Total  receive  losses  dB 

y.  H  Bandwidth  (3  dB  points)  Hiz 

h.  Receiver  Noise  Figure  _ dB 

t.  FM  Threshold  dBm 

j.  Per  Channel  RMS  Deviation  _ kHz 

k.  Peak  Deviation  _ kHz 

in.  Modulation  Index  _ 

n.  Baseband  Bandwidth  kHz 

o.  Maximum  Modulating  Frequency  kHz 

p.  Type  of  Pre-emphasis  (from  TM  or  equip  specs)  sec 

q.  Pre-emphasis  Network  Time  Constant  (REL  only)  _  dB 

r.  Noise  Power  Ratio  (high  slot)  _ dB 


TABLE  B.1 


CCP  702-1 


LIST  OF  PARAMETERS  REQUIRED  FOR  PATH  CALCULATIONS 


a.  lype  Diversity 
l).  Transmit  Power 

c.  Transmit  Antenna  Sain 

d.  Receive  Antenna  Gain 

e.  Receive  Frequencies 

f.  Line  and  Miscellaneous  Losses: 

1.  Interface  losses 

2.  Insertion  losses 

3. ;  Waveguide  losses 

4.  Total  transmit  losses 

5.  Total  receive  losses 
U  Bandwidth  (3  dB  points) 

h.  Receiver  Noise  Figure 

i .  FM  Threshold 

j.  Per  Channel  RMS  Deviation 

k.  Peak  Deviation 
in.  Modulation  Index 

n. ;  Baseband  Bandwidth 

o.  Maximum  Modulating  Frequency 

p.  Type  of  Pre-emphasis  (from  TM  or  equip  specs) 

q. :  Pre-emphasis  Network  Time  Constant  (REL  only) 

r. :  Noise  Power  Ratio  (high  slot) 


B-25 


/ 02' i 

:  Alii  I  !j-I  (Cont'd) 

«, .  Mu1  tip) ex  Noise  Loaded  _ dBtO  or 

PmCO 

t  V:.w;j  _ 

u.  Antenna  Diameter  _ ft 

v  lype  of  Whvegulde  and/or  Coaxial  Cable  _____ 

v*  ;  n'lth  of  Transmit  Waveguide  and/or  Coaxial  Cable  Run  _ ft/M 

UKigth  of  Receive  Waveguide  and/or  Coaxial  Cable  Run  ______  ft/H 

inside  Diameter  of  Waveguide  _ _  In/cm 

■  Pai'  length  Km/sml 

a.  Tficmetlcal  Asymptotic  Quieting  _ dB 
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TABLE  B-2 

BASEBAND  TEST  FREQUENCIES  FOR  MODULATOR  DEVIATION 
Type  of  Pre-emphasis 


NO.  CHANNELS 

REL  (kHz) 

CCIR  (kHz) 

BASEBAND  SPEC! 

12 

38.6 

40.1 

12-60 

12 

85.1 

89.5 

60-108 

24 

66.2 

68.9 

12-108 

24 

111,0 

114 

60-156 

36 

93.7 

97.8 

12-156 

36 

138 

142 

60-20* 

48 

121 

127 

12-204 

48 

166 

171 

60-252 

60 

149 

157 

12-252 

60 

193 

200 

60-300 

72 

177 

185 

12-300 

72 

211 

222 

12-360 

72 

277 

235 

60-360 

120 

322 

337 

12-552 

120 

337 

352 

60-552 

180 

482 

504 

60-804 

240 

625 

654 

50-1052 

252 

611 

643 

12-1052 

300 

770 

810 

60-1300 

312 

756 

792 

12-1300 

360 

896 

945 

12-1548 
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TABU  B-2  (Continued) 


M0._  CHANNELS 

REL  (kHz) 

17? 

896 

420 

1055 

43? 

1040 

4  BO 

1205 

492 

1189 

540 

1340 

Sb? 

1327 

600 

1489 

612 

1475 

CCIR  (kHz) 

BASEBAND. SPECTRUM 

945 

12-1548 

1105 

60-1796 

1090 

12-1796 

1258 

60-2044 

1245 

12-2044 

1410 

60-2292 

1395 

12-2292 

1555 

60-2540 

1550 

12-2540 

U-28 


CCP  702- J 


CCP  702-1 

f  link  OF  fiiiH 


|n»T  IMMCKKS  StOfOTUM 


M2 089 


NAMSAN  (Hill  3) 


TO  BEASCo 


OfFIMITlQII 
Path  dlatanca 

i 

Haight  of  transmit  antenna 
above  saa  level 

Height  of  receive  antenna 

above  sea  level 

Surface  refractlvlty  reduced 

to  sea  level 

Average  value  of  N  at  the 
earth  surface 

Effective  earth  radius 

Effective  height  of  transmit 
antenna  above  ground 

Effective  height  of  receive 
antenna  above  ground 

Carrier  frequency 

Loss  relative  to  free  spice 

Atmospheric  absorption 

Basic  median  transmission 
loss 

Effective  distance 

Type  climate  (continental 
temperata/polar) 

Correction  factor 

Predicted  median  long  term 
transmission  loss 

Long  term  varlblllty  for 
99 . 99 J  of  all  hours 

Transmission  loss  not 
exceeded  for  99.99%  of  all 
hours 


SYMBOL 

VALUI 

d 

48,96  km 

ht. 

.2575  km 

hrs 

1.161  to 

No 

305 

N 

296.8 

• 

T 

a 

8428 

hi 

•186  jm, 

h2 

•315  fa. 

f 

7347. 5MH* 

A 

0  dB 

A. 

0.5  dB 

h 

144. ldB 

d 

43.8  km 

e 

1  # 

V(0.5, de) 

0  dB 

1^(0. 5) 

144. ldB 

Y(0.9999^ 

4.3 

ln<q> 

148.4  dB 

*  ■  3rd  order  geodatlc 
survey 


32.45  +  A  +  Am 
km  Page  10-8 
#  Page  10-6  and  10-7 


Figure  B-2 
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OOP  /()? 


Figure  B -3 
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CONTINUATION*  TROPOSCATTEK  TRANSMISSION  LOSS  WORKSHEET  -2  TKL-02/PSL-03 

T-1609 

DEFINITION 

SYMBOL 

VALUE 

REFERENCE /EQUATION 

Angle  between  line  joining 
tntennas  end  receive  horizon 

«*y 

®oo 

<00629  . 
..rad 

d/2a  +ft#r  +  (hra-ht#)/d 

Distance  engle  attuning 
straight  rays  for  rediue  e 

o 

o 

a> 

.01156  . 
rad 

aoo  *  ®oo 

-.00168. 
_ rad 

Angular  elevation  of 
transmit  horizon  ray  at 
transmit  horizon 

®ot 

e«t  +  dLt^a 

Angular  elevation  of 

0or 

-.00011 

rad 

eer  +  dLr/a 

receive  horizon  ray  at 
receive  horizon 

63.3 

km 

Distance  traaenlt  horizon 

d.t 

d  6oo^fioo  "  dLt 

to  horizon  ray  crossover 

67.1  . 

km 

Distance  receive  horizon 

<*sr 

d  aoo^  '3oo  "  dLr 

to  horizon  ray  crossover 

130.5, 

km 

Distance  between  horizon 

Os 

dst  +  dsr  or  d  -  dLt  ~  dLr 

obstacles 

Correction  angle  for 

i  Aa0 

NA  rad 

Pages  6-6  and  6-7 

exponential  ataosphere 
(transmit) 

Correction  angle  for 

A  So 

*  rad 

Pages  6-6  and  6-7 

exponential  atmosphere  | 

(receive) 

Corrected  a00 

«o 

.00527  . 
rad 

0*OO  +ddto 

Corrected  $00 

Bo 

.00629 

rad 

Boo  +A»o 

Angular  distance  (scatter 

6 

.01156  . 
rad 

t»o  +  B0,  valid  for  all 

angle) 

values  of  6d 

Path  asymmetry  factor 

8 

.8378 

o0/eo 

Attenuation  function  for 

P(efl) 

13,-7db 

VOL  I,  Page  9.12;  VOL  II, 

scatter  paths 

Product  of  scatter  angle 
and  path  distance 

6d 

l 

1.9677 

Pages  III. 11,  III. 12, 

III. 13,  III. 14,  and  111.24. 

1 

1 

Figure  B-3  (Cor.t 1  d ) 
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CONTINUATION1  TROPOSCATTER  TRANSMISSION  LOSS  WORKSHEET  -  3  _ _ „ 

_ TKL-02/PSL-0 


DEFINITION 

SYMBOL 

VALUE 

Height  horizon  ray  crossover 
above  line  connecting 
antennas 

^0 

.4881  km 

aed/(14s)2 

Function  of  h0  and  Ns 

n8 

.25873 

Equation  9.3a 

Carrier  frequency 

f 

1802. 5MHc 

Mean 

P  mime ter  for  computing  Hq 
(transmit) 

n 

187.697 

41.92  8fht# 

Parameter  for  computing  Hq 

(toceive) 

r2 

21.299 

41.92  efh^ 

Frequency  gain  function 

«0 

.4  db 

Pages  9-3  and  9-4 

Height  of  horizon  ray 
crossover  above  line 
connecting  horizons 

hi 

•3742km 

-0.076 

sDa0/(l+a)2 

Scattering  efficiency 
correction 

Fo 

db 

1. 086  (ns/ho)  O^-hi-hLfhLj) 

Atmospheric  absorption 
factor 

Aa 

Section  3  and  Figure  3.6 

Reference  value  of  long  term 

Hrs 

5HBH 

30  log  f  -  20  log  d  +  F(9d) 

median  transmission  loss  for 
troposcatter 

+  H0  -  F0  +  A. 

Reference  value  of  long  ten 
median  transmission  loss  for 
diffraction 

Iq»d 

271.8  db 

From  diffraction  vorksheat 

Resultant  reference  value  of 
long  term  median 
transmission  loss 

Lcr 

194.1  db 

Figure  9.9  (page  9-21) 

Effective  distance 

<»e 

Tage  10-8 

Type  climate 

m 

Pages  10*6  and  10-7 

Correction  factor 

'/(o.s.d,,) 

5.7  db 

Section  III. 7 

Predicted  median  long  term 
transmission  loss 

Lq(0.5) 

188.4  db 

Lcr  -  V(0.5,d#) 

Figure  B-3  (Cont'd) 
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eONTMIMTION  TROPOSCATTBR  TRANSMISSION  LOSS 


dsfuhtion 


VALUI 


Long  ten  variability  for  Y (0.99991  -33.8 db  Section  III. 7 
99.99%  of  all  hours 

Transmission  loss  not  !*(*)  222.2 db  Lq(O.S)  -  Y(0.9999) 

exceeded  for  99.99%  of  all 

hours 


eOMMCNTSI 
LINK  T-1609  TKL-02/PSL-03 


Figure  B-3  (Cont'd 


Figure  M 
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CONTINUATION*  ROUGH  EARTH  DIFFRACTION  WORKSHEET  -  2 


DEFINITION 

SYMBOL 

VALUE 

REFEREMCE/BQ0AXI0II 

Angle  between. line  joining 
entennee  end  receive 
horizon  rey 

Boo 

.00629  . 
rad 

d/2if6|raf(hr|«*h(|)  /  d 

Dletance  angle  assuming 
straight  ‘rays  for  radluB  a 

®oo 

•0115&d 

1 

°oo  +  ®oo 

Angular  elevation  of 
transmit  horizon  rey  at 
transmit  horizon 

®ot 

-.00168. 

rad 

®at+djj7* 

Angular  elevation  of 
receive  horizon  ray  at 
receive  horizon 

eor 

-.00011, 

«at**Lr/» 

Distance  transmit  horizon 
to  horizon  ray  crossover 

63.3. 

km 

d  60o/®oo  ”  d^t 

Distance  receive  horizon 
v-rizon  ray  crossover 

<*sr 

67.1ta 

d  °oo^®oo  “  dLr 

Distance  between  horizon 
obstacles 

Da 

m'\rn 

dst  +  dgr  ot  d  -  dLt  -  dLT 

Correction  angle  for 
exponential  atmosphere 
(transmit) 

Aoq 

NA  rad 

Pages  6-6  and  6-7 

Correction  angle  for 
exponential  atmosphere 
(receive) 

680 

NA  md 

.00527 

Page  6-6  and  6-7 

Corrected  aQ0 

“o 

rad 

.00629 

*45  +  Aoq 

Corrected  800 

®o 

rad 

Poo  +  6$o 

Angular  distance 

e 

.01156  . 
rad 

Oq  +  Bo,  valid  for  all  casei 

Radius  of  terrain  between 
transmit  antenna  and 
horizon 

•1 

19,4 

d£t/(2hte) 

Radius  of  terrain  between 
receive  antenna  and 
horizon 

*2 

2242  km 

Ju/ww 
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CONTINUATION’  R0UGH  EAKrH  DIFFRACTION  WORKSHEET  -  3 


DEFINITION  ] 

Imail 

VALUE 

REFERENCE/EQUATION 

Radius  of  terrain  between 

at 

1065^ 

W<edar> 

transmit  horizon  and 

horizon  ray  crossover 

Radius  qf  terrain  between 

*r 

receive  horizon  and 

■ 

horizon  ray  crossover 

1 

fTTiyjfWil 

Carrier  frequency 

f 

■■■■NrjrH 

Polarization 

P 

Dielectric  constant 

€ 

25 

Figure  8.1  (page  8-6) 

Conductivity 

0 

.02mhbs/m 

Figure  8.1  (page  8-6) 

Diffraction  parameter 

K(8497) 

Figure  8.1  (page  8-6) 

Diffraction  parameter 

C01 

(8497 /aj 

Diffraction  parameter 

coz 

1.5591001* 

(8497/a2)T 

Diffraction  parameter 

cot 

0.92749281 

(8497/at)* 

Diffraction  parameter 

^or 

0.8921366* 

(8497/a, 

Diffraction  parameter 

.00048620! 

C01K(8497) 

Diffraction  parameter 

K, 

♦00046773 

C0,K(8497) 

L 

Diffraction  parameter 

Kt 

.000278241 

CotK(8497) 

Diffraction  parameter 

*r 

.00026764: 

►  CorK(8497) 

Diffraction  parameter 

b° 

90 

Figure  8.2  (page  8-7) 

Diffraction  parameter 

Bi 

1.602 

Figure  8.3  (page  8-8) 

Diffraction  parameter 

*2 

1.6025 

Figure  8.3  (page  8-8) 

Diffraction  parameter 

Bt 

1.604 

Figure  8.3  (page  8-8) 

Diffraction  parameter 

®r 

1.604 

Figure  8.3  (page  8-8) 

Diffraction  parameter 

Ci(K4) 

20  db 

Figure  8.4  (page  8-9) 
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CONTINUATION’  gAgm  DIFFRACTION  WORKSHEET  -  4 


DEFI!' ■  HON 

SYMBOL 

VALUE 

I 

1 

Diffraction  parameter 

—20  db 

Figure  8.4  (page  8-9) 

Diffraction  parameter 

V 

51.21 

f^C0iBi 

Diffraction  parameter 

®02 

47.41 

i  2 

f  C02B2 

Diffraction  paraaeter 

Bot 

16.79 

f+CotBt 

Diffraction  paraaeter 

Bor 

15.54 

ficor®r 

1499.94 

Diffraction  paraaeter 

*1 

ka 

B0idLt 

Diffraction  paraaeter 

** 

495.87^ 

j  U  i 

Diffraction  paraaeter 

*u 

4101.3^ 

®otdst  +  ®ordsr  +  *? 

Diffraction  paraaeter 

C(K1>2) 

20  db 

[“lC, (Ki)+X2C! (KZ)J  / (X!+X2) 

Diffraction  paraaeter 

6(«o) 

199.74 

db 

0.05751*o-10  log  x0 

Diffraction  paraaeter 

F(x,) 

55  db 

Figures  8.5  and  8.6 

Diffraction  paraaeter 

F(s^) 

-4  db 

Figures  8.5  and  8.6 

Atmospheric  absorption 

^a 

0.85  db 

Section  3  and  Figure  1.6 

Free  space  loss 

Hf 

142.19 

db 

20  log  d  +  20  log  f  +32.45 

Reference  value  of  long  term 

Lbd 

2n-e « 

median  transmission  loaa 

tifcl,2>+Aa 

for  diffraction 

Refernce  value  of  long  term 

M»rs 

W4-1  db 

Proa  troposcetter  worksheet 

median  transmission  loss 

for  troposcetter 

Resultant  reference  value 

her 

1,4 -1  db 

Figure  9.9  (page  9-21) 

of  long  term  median 

transmission  loss 

Effective  distance 

da 

192.3 

Page  10-8 

Type  cllaate 

4  # 

Pages  10-6  and  10-7 

Correction  factor 

V(0,5,d«J 

5.7  db 

Section  III. 7 

Figure  b-4  (Cont'd) 
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Figure  B-4  (Cont'd) 
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Figure  B-5 
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ECHO  MSTMTION  VONKOMCT 
THE  MU  9VSTCM 

IfSftSS 


Tf  «r  CnMiM  SMMtlMC'* 


M  LMK  NOl' 
T-1609 


TAKHLI 


nsr 

(TKL-02) 


PHITSANUIOKE  (PSL-02) 


_ 1  1  TTI-J' 

OCFMMTION  1 

£a'l 

wmmrnr 

1C 

CGCCIVf 

tel 

.STATION 

VSWR  at  point  A 

1.13 

1.19  M 

Return  lorn*  A 

L. 

24.3  d> 

■ 

21.1  dB  2 

VSWR  et  point  B 

1.2 

1.2  * 

Ft  turn  1 o*0  B 

20.8  dB 

s 

20.8  dB  2 

Transmission  distinct 

D 

49  n 

53  » 

Attenuation  constant 

a 

•0787U. 

Transmission  loss  A  to  B 

h 

2.8  dB 

4.7  dB  c 

Velocity  of  propagation 

V 

243  n/m 

243  n/ua  l 

Echo  delay 

T 

.40  ue 

_.44 _ pa  . 

RH  s 1 gnal-to-RF  echo 

S/E 

50JT  dB 

51.3  dB  1 

power  ratio 

Number  of  VF  channel* 

n 

72 

72 

Top  baseband  frequency 

fm 

.300  MHl 

.300  MHs 

Per  channel  deviation 

drns 

.142  MHi 

.142  .Ms 

(RMS) 

Baseband  white  noise 

*n 

5.72  dB* 

5.72  dBnO 

power 

White  noise  bandwidth 

®n 

288  MB) 

288  mu 

System  deviation  (RMS) 

0 

.274$  Ml 

.2745  MBs 

Deviation  ratio 

o/fm 

.9150 

.9150 

Top  baseband  frequency 

V 

.12 

tl?2 

tines  echo  delay 

Interference  ratio 

t 

16  dB 

15  dB 

mummcc/couatiom 


IVSWR-l I 


20  log  IVSWftfl 


IVSVR-1 


log-1(0.03Pn) 


Figure  1 


FIGURE  B-6 
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UJM!  <u,*lK)N  ECHO  OMTOHTIOH  MMMKT-I 


DEFINITION 

sm 

V«l 

THMMMT  I 

>ut 

Mat  tvi 

MMHtHM/IOMTlOH 

!•  «  iin|.i  ovement 

lp 

3  dl 

3  dB 

3  dl  for  CC1B  sNplisslo 

t  »  ••  i  « alio  dut*  to 

NPR 

69.7  48 

69.3  di 

S/E  +  1  +  lp 

f  •  •  i;na  1  -to-noi«d 

S/N 

9S.ldB 

94.7  48 

in  -  Pn  +  io  log  b. 

’**.*•  ocho 

\ 

+  25.1 

j  .  in  1  e<  U<*  noise: 

! 

! 

i 

i 

i  1 

i 

»• 

0.22 pwco 

0»24bwOQ 

Lot*1^  (88.5-8/B)] 

!  '» •  iiM1  •  i  cho  noi se 

0.46 

pvCO 

Sub  of  aolM  povtra  duo  to 

1 

1 

» 

•chos  «t  both  stations 

.  OMMt'Nl  ft 


il'.nRi  !i- 6  (Cont'd)  B-A2 


V->* 


1.0*  ’lit  MU  SYSTEM  TECHNICAL  JOURNAL,  MAT  1*55 


CONTOURS  Or  CONSTANT  INTERFERENCE  IN  THE 
TOR  CHANNEL  Or  A  MULTI 'CHANNEL  FM  SYSTEM 


Figure B  -6  (Cool'd) 


B-43 


F 


*  DISTORTION  WORMMKCT 

TEST  ENGINEERS  SIGNATURE  J 

'•  l  , 

•  f  (r  .  •  jf.TCV  TECMWCAC  JOURN • 

5  ) 

i 

i 

'iy  *  1 

.  t 

'HA'.r  NS  wNOCR  TEST 

i*‘Hi.?  [m  o?) 

J0  PHITSWILOKC  (PSl-03)  { 

Ml- 

HNI  I  I ON 

SYMBOI 

VAUIK 

; 

P  F.'-PPPNCF '  PO!  i  \T  !<  If’  < 

1  ■  .1  ltd  • 

d 

170.2v,, 

”  ‘  | 

WO  ?1  i 

1 

“o 

.005?: 

■  tad 

/  rom  rpo]»4>  •*»r  *<mti 

«•  1  ft  .>  *.  <I\*J  ’  *  '* 

po 

.r%*>  . 

_ i.td 

Pic*-  it  i>  Ltai*^  i 

lit  i  S£,  i<  /,*  W*^sh*V. 

t 

iju  \u  V 

f 

mS 

l 

; 

‘5- 

N 

j 

M*,  an  ( 

.III1  ■  *!U\i  J  i  diui'l  ul 

_40_  ft 

ml  didtf  v  t*r 

i  uemi -beatrvull  h 

\ 

.OOfifrl 

l  id 

6?6/l)rt 

•  i  Y 

•  \ 

*  1'ir.f  -beamwidth 

A 

r 

, 00fi6£  , 

_ _ rad 

f>Jo'Dtf 

( 

*.  .  f,i  .  lumnelu 

1: 

72 

ii  tij.ien^v 

i 

‘  -  ■ i 

•  irion  iHMSl 

dv«s 

.  142  mhz 

Manufacturer’s  at  mdard  j 

•  i  •  •  t 

!  oad  i  ug 

pn 

5  72  dhuiO 

! 

*1*4  loo  (2/3  '■)  , 

si  . . 

•at'dvldth 

Bn 

.288  Hit?. 

1 

1 

f 

,  •  .1.1  ion  (KMS) 

1  1  i  lo 

l/f» 

.27*15 

. MHz 

0150 

* 

i  i 

signal  *  to-* 

S/I 

6i.fcb 

l 

i  From  FIruc*  2-8  i 

•'.if' t  nee  1  at  to 

m  «  ,  f*>r  multiple  echos 

A 

9  db 

i 

'  <>  1  inmi'ovemeni 

Td 

(,b 

1  db  fui  dsal,  f'  11  *  »■  j  /‘I  1 

IU. 

ti  ovoment 

3  db 

Anproximetv?lv  3  db  fu  (Til 
Emphasis 

•'ju 
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mrmmm  mmm — 


OCS  LINK  NO. 

T - 1 609 


STATU 


HWnWS) 


JEEUUIiy  ' 

tVMiOL 

mis. 

NIFMKMt/tOWTtON 

M**di  hi  basic  transmission  \ 

1  / 

Ln(0.5) 

188.4  dB 

Fro*  transmission  loss 
worksheet 

Tr.mr.Bi  it  ter  poveN  J 

\. 

63  dBa 

10  log  P(  (ailliwatts) 

Antenna  diameter  (transmit) 

Dt 

— 4Q  ft 

Antenna  diameter  (receive) 

4Q  ft 

•terrier  frequency 

f 

1802 .50”* 

Mean 

ci  space  antenna  gain 
(tiaMHuiit)  relative  to 

Isotropic  radi.itor 

ct 

44.7  dB 

Msnufscturer's  specifica¬ 
tions  or  20  log  Dt  +  20 
log  f  -  52.5  dB 

Free  space  antenna  gain 
(receive)  relative  to 
isotioptc  radiator 

Cr 

dB 

Manufacturer's  specifica¬ 
tion*  or  20  log  Dg  + 

20  log  f  -  52.5  dB 

Forward  scatter  multipath 
•oupling  loss 

4p 

2.5  dB 

Pros  coupling  loss 
vorkshast 

Path  antenna  gain 

CP 

86.8  dB 

Gc  +  Cr  “ 

Manufacturer's  specifica¬ 
tions  and/or  naasursaanta 

Total  transmission  line  and 
associated  losses 

It 

7.5  dB 

Median  receive  carrier  power 

prc 

r 

-46.1  dB* 

Pt  +  Gp  -  Lq(0.5)  -  Lt 

Receiver  noise  figure 

10.5  dB 

Manufacturer's  spscifica- 
tions  or  Mssureaients 

Here  Ivor  IF  bandwidth 

B 

8  MHr 

Manufacturer's  specifica¬ 
tions  or  aeasurenents 

Receiver  noise  power 

pm 

•94»5dBm 

10  log  B  +  F  -  114 

Median  carrier-to-noiee  ratio 

C/N 

48.4  dB 

prc  -  pm 

Number  of  VF  channels 

n 

72 

Top  baseband  frequency 

f* 

300  yfc 

RK3  per  channel  deviation 

dm. 

142  kHz 

Without  pre-eaphssis 

Pre-eaphaeis  improvement 
for  top  channel 

h 

3  dB 

Figure  b-9 
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CONTINUATION  — ■  LINK  NOISE  fCRfONMANCC  WORKSHEET 

1 

t 

i 

MflNlTION 

iEM 

mtsam 

R  EF  ERENCE  /EOUATION 

FH  improvement  for  top 

if* 

30.6  dB 

*0  log  dr*8  -  20  log  fB  4  | 

channel 

40  log  B  +'{Ip  +  25.1  aB  I 

79.0 

> 

Unweighted  median  channel 

S/N(t) 

dB 

a/N  +  I  fm  \ 

signal- to- thermal  noiee 

\  J 

ratio  for  top  channel 

8  8 

^  .  / 

C-message  weighted  thermal 

H(t) 

pvCO 

Log_l0.l[88.3-S/f <t  i 

noise  power 

Order  of  diversity 

4 

Median  diversity  improvement 

„  «*». 

Id 

6  dB 

1 

i 

Combined  weighted  thermal 

N(tc) 

2 . 2pwco 

noise  power 

Equipment  noiee  power  ratio 

KPR 

50  dB 

------  | 

manufacturer’s 

specification 

White  noiee  loading 

*n 

5,7^BoO 

-1+4  log  (2/3  n) 

Wiite  noise  bandwidth 

288 

Equivalent  channel  signal-to- 

S/N(i) 

64 . 0  dB 

NPR  -  Pn  +  10  log  B„  -  4.9  1P| 

intermodulation  noise  ratio 

1 

C-message  weighted  inter- 

M(i) 

283.9  pwCO 

Log"l0.l[88.5-S/N(i)J 

modulation  noise  power 

C-message  weighted  noise 

N(fe) 

.46  pwco 

[  i 

From  feeder  echo  vorVshe^t 

power  due  to  feeder  echo 

C-message  weighted  noiae 

N(mp) 

■a 

From  path  intormodul  >u  ton 

power  due  to  multipath 

worksheet  j 

propagation 

■ 

Total  median  weighted  noise 

N(total) 

305. 76pwCO 

N(tc)  r  N(i)  +  N(fe)  +  N(mp) 

power 

DC  A  median  noise  sllflncation 

USEES 

30.8  dBrnCO 

Design  margin 

I 

_ i 

6.0  dB 

10  log  [N{DGA) /N( total) ] 

Figure  B-9(Cont'd) 
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SMOOTH  EARTH  DIFFRACTION  WORKSHEET 

Mi 

OCS  LINK  N& 

STATIONS  UNDER  TEST 

_ TO _ 

1 

>efinition  ! 

SYMBOL 

VALUE 

REFERENCE  /EOUATION 

Path  distance 

d 

_ km 

Height  of  transmit  antenna 
above  sea  level 

^ts 

_ km 

Height  of  receive  antenna 
above  sea  level 

hrs 

_ Joft 

Surface  refractivity  reduced 
to  sea  level 

No 

— 

Figure  4.1  (page  4-3) 

Average  value  of  N  at  the 
earth  surface 

Ns 

— 

Page  4-1 

Effective  earth  radius 

a 

_ km 

Equation  4.4  or  Figure  4.2 

Effective  height  of  transmit 
antenna  above  ground 

hte 

km 

Page  6-4 

Effective  height  of  receive 
antenna  above  ground 

hre 

_ km 

Page  6-4 

Distance  from  transmit 
antenna  to  horizon 

dLt 

_ km 

»'lhte/2a 

Distance  from  receive 
antenna  to  horizon 

dLr 

km 

Ariir 

re 

Carrier  frequency 

f 

MHz 

Polarization 

P 

_ 

Dielectric 

constant 

lfT.  f  _ 

Figure  8.1  (page  8-6) 

Conductivity 

mho  /a 

Figure  8.1  (page  8-6) 

Diffraction  parameter 

K(8497) 

Figure  8.1  (page  8-6) 

Diffraction  parameter 

Co 

(8497/a) 

Diffraction  parameter 

K(«) 

. 

CqK(8497) 

Diffraction  parameter 

b° 

0 

Figure  8.2  (page  8-7) 

Diffraction  parameter 

B(K,b°)  1 

Figure  8.3  (page  8-8) 

1 _ 

L.  - - —  - 

Figure 


B-51 


CCP  702-1 


continuation:  SMOOTH  EARTH  DIFFRACTION  WORKSHEET  -  2 

DEFINITION 

SYMBOL 

VALUE 

REFERENCE/ EQUATION 

Diffraction  parameter 

Bo 

_ 

f  C0G(K,b°) 

Dll  tract  Ion  parameter 

C(K,b°) 

UL> 

Figure  8.4  (page  8-L 

Diffraction  pa^v^eter 

X 

o 

ruu 

dBo 

Diffraction  parameter 

X1 

km 

dLt®o 

Diffraction  parameter 

x2 

km 

dl,rBo 

Diffraction  parameter 

_ db 

Figures  8.5  and  8.6 

Di^ract' ^  i  parameter 

_ db 

Figures  8.5  and  8.6 

Diffraction  parameter 

f(x2) 

db 

Figures  8.5  and  8.6 

Atmospheric  absorption 

Aa 

db 

Section  3  and  Figure  3.6 

Fr  space  loss 

Lbf 

_ db 

20  log  d  +  20  log  f  + 

32.4b 

Reference  value  of  long 
term  median  transmission 
loss  for  d’ffraction 

Hd 

_ db 

Lbf  -t  G(X0)  -  F(X1)  - 
P(X2)  -  C(K,b°)  +  Aa 

Reference  value  of  long 
term  med \  transmission 

loss  for  croposcatter 

K  a 

db 

From  troposcatter 
worksheet 

Resultant  reference  value 
of  long  term  median 
transmission  loss 

Lcr 

db 

Figure  9.9  (page  9-21) 

Effective  distance 

de 

km 

Page  10-8 

Type  climate 

# 

Page  10-6  and  10-7 

Correction  factor 

V(0.5,de 

_ db 

Figure  10.13  (page  10-26) 

Predicted  long  term  median 
transmission  loss 

^(0.5) 

db 

Lcr  -  V(0.5,de) 

Long  terra  variability  for 
99,99%  of  all  hours 

1(0.9999 

i _ db 

Section  10  and  III. 7 

Transmission  loss  not 
exceeded  for  99.99%  of 

all  hours  _ _j 

_ db 

1 

i 

Ln(0. 5)  -  Y(0.9999) 

Figure  B- 1 0  ( Cont  ‘  d ) 
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KNIFE-EDGE  DIFFRACTION  WORKSHEET 
(  REFERENCE  NBS  TECH  NOTE  Id) 


OCS  LINK  NO  I  STATIONS  UNDER  TEST 


TEST  ENGINEERS  SIGNATURE 


DEFINITION 

SYMBOL 

VALUE 

Path  distance 

d 

km 

Distance  from  transmit 
antenna  to  knife-edge 

dLt 

km 

Distance  from  receive 
antenna  to  knife-edge 

dLr 

km 

Height  of  transmit  antenna 
above  sea  level 

^ts 

km 

Height  of  receive  antenna 
above  sea  level 

^rs 

km 

Height  of  knife-edge  above 
sea  level 

hke 

km 

Surface  ref ractivity 
reduced  to  sea  level 

No 

Average  value  o'  ’  at  the 
earth  surface 

Ns 

Effective  earth  radius 

a 

km 

Horizon  elevation  angle  at 
transmit  antenna 

6et 

rad 

Horizon  elevation  angle  at 
receive  antenna 

6er 

rad 

Knife-edge  angle 

0 

rad 

Carrier  frequency 

£ 

MHz 

Knife-edge  parameter 

V 

1)11  fraction  loss  ove*  single 
iso.*  ced  knife-edge,  no 
ground  reflections 

\  (v,o) 

Residual  height  gain 
t unction  (transmit) 

G(h|) 

Residual  height  gain  function 

(receive) 

G(h2) 

Crest  radius 

r 

km 

Index  of  curvature 

P 

REFERENCE/ EQUATION 


Figure  4,1  (page  4-3) 

Page  4-1 

km  Equation  4.4  or  Figure  4.2 
rad  OVg-hts)/^  "  dLt/2a 

•rad  (hke~hrs) /dLr  '  dLr/2a 

rad  d/a  +  Aet  +  6er 
MHz 

±2.5830/fdLtdI  r/d 

Figure  7.1  (page  7-11) 
12.953  +  20  log  v  for  v>3 

Pages  7-3  and  7-6 

Pages  7-3  and  7-6 
km  Page  7-4 

j  ^ 

0.676r*f ‘[d/ (dLcdLr)]> 


Figure  D-11 


B-53 


CCP  702-1 


KNIFE-EDGE  DIFFRACTION  WORKSHEET  TEST  FNGINEEPS  SIGNATURE 

(  REFERENCE  NBS  TECH  NOTE  101) 

DCS  LINK  NO  |  STATIONS  UNDER  TEST  —————— 


_ TO _ 


DEFINITION 

VAME 

FLI ERENCE/EQUATION 

Path  tlibi.ince 

d 

km 

Distance  from  transmit 
antenna  10  knifr-cdg* 

dLt 

km 

Pi'.tnni  f  rum  r t? ct;  i  ve' 
antenna  to  knife-edge 

d!  i 

km 

Height  of  transmit  antenna 
above  sea  level 

hts 

___  km 

Height  of  receive  antenna 
ahovc  >oa  level 

hrs 

km 

n.'lghr  of  knife-edge  nho'v 
\a  1  i‘Vi  i 

kin 

1  nr 1  id  ref racti vi ty 
i educed  to  sea  level 

No 

— 

Figure  ..1  ,<  page  ^-i) 

Average  value  of  N  at  the 
earth  surface 

N„s 

Page  4-1 

Effective  earth  radius 

a 

km 

Equation  4. A  or  Figure  4.2 

Hoi izon  elevation  angle  at 
tiduamit  antenna 

6et 

rad 

(hKe"ht.s)/dLt  "  dLt/2a 

Horizon  elevation  angle  at 
rvroive  antenna 

°er 

rad 

(hke-hrs)/dl.r  ‘  dLr/2a 

Knife  edge  angle 

0 

rad 

d/  (  +0et  +0eT 

(atriei  frequency 

f 

MHz 

Knife-edge  parameter 

v 

±2.583erTd^JT,7/d 

Diffraction  loss  over  single 
isolated  knife-edge,  no 
ground  reflections 

A(v,o) 

Figure  7.1  (page  7-11) 
12.953  +  20  log  v  for  v>3 

Residua L  height  gain 
function  (transmit) 

G(ht) 

— 

Pages  7-3  and  7-6 

Kesidu.il  height  gain  function 
( receJ ve ) 

C(h2) 

-  i 

Pages  7  *J  and  7-6 

Crest  radius 

r 

km 

Page 

l.ultix  of  curvature 

P 

i 

_ _  _ 

0.6/t»r*f 1 ‘[d/(di,tdLr)]: 

I  igure  13  - 1 1  ( Coni  ‘ cl ) 
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"Optimum"  Increast  ■+■ 

WHITE  NOISE  LOADUIfi  (dBfflO) 


nurt  |H? 


B-55 


i.  70?  ' 


AIC  ON  IP  IIBIAL  DC  VOLT  AM  (VOLTS) 


'•  '  I.- 


r 

_ Ji^ 

»  r  Hi 


mill 

■Mara 

■■■■■■ 

■■■■■■ 


■BaaBBBBSBBaaaaaaNgaBaagaiBaBaBBgBgaaaBaal 
iBaBBaaBBaBBaBBaBBiBlSBiBBaaaaaaiBiSaagfiii 
BEfiBiiaaBBfaaBaaBifiBiiBaaBaBaaamiBBaaaSIii 

BBaBBBBBgaiBaaBaaNaBaBBaaaBaBBaBBBBBBiMif.i 
■BaBBBBaiBBBBBBBBBBaBBaBBaBBBBBBBBBBBlBM 
■aiBBaaBiBaaaBBBaBaBBBBBBaBaBBBBaaaaBiiir 
■BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB  ■— IITI 
■■■■■aBBBBBBBBBBBBBBBPBBBaBBBBBBB'PBl 


■WnMVBWHVHMVIHMimlHHiHMWnil 

ibbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbi 

IBiBBiBBBBBBBBBBBBBBBBBBSlBBBaaSBBI 

BBBBBBBBBBBBBBBBIBBBBBBBBBBBBBBBBI 


IBBBBBBB  BBBBB  BBBBB  BBBBB  BBBBBBBI 
IBB  BBBBB  BBBBB  BBBBB  BBBBB  BBBBB  BBI 


IBBBUal 


IBBKtKB  BBBBB  IB| 
IBR.r.BBBBBaii&| 

IP.NNHBBfl0U|li 


■SSb  BBBBB  SbBBB  BBBKSR  M  BIWBB 
IBBB  BBBBB  BBBBB  BBBBB  BBB&  I 

■bbbbbbbbbbbbbbbbibbbbbbbbbbb^^^^^M 

IgBB  BBBBB  BBBBB  BBBBB  BBBBB  BBBBBK^BBB  BBBB 
IBBB  BBBBB  BBBBB  BBBBB  BBBBBgBBBr.  *  BBBB  BBBCaI 
■BBBNBBBBBBBBBBBBBBBBBBBBBBr^BBBBBBB^BB 
■BBBBBBBBBBBBBBBBIBBBBBBBBEfvBBBBBBB’MM 

wmrr*mgMmBmrAumW 
mw.r.  aaaBS  bb^bb  bpbbbbb 
■^BBBa5B^BBBBf3aaaa 
■bbbbbSS^bbbbbmbbbb 

■BBBBBKBBBBBBBiBBBB 
^^^^^^^^^^^^^^■BBBBBrBBBBBBBBBBgBB 
■aBBBBBaBBBBBaaaBr^BBBaafiBrBBBBaBBaBafliaa 
IBBBBBBBBBBBBBBBr^BBBBBBB^ASBB  BBBBB  BBBBBBB 
m&B  BBBBB  BBBBB  Br  -^BB  BBBB  B  ^BBBB  BBBBB  BBBBBB  B 
lBBIBBBBBB|av*^-——-—---^aiB  BBBBB  BBBBB  BBBBBflfll 

bbbbb  bbbbbbbi 

IBBBBB^^B^BBBBBBaBBBBBBBBCBBBBBBBBBBBMBB 
IBBi^^BBUBBBBBBBBBBIBBBBBBBBBBBBBBBBBBBBB 
IBBjA'.4BB^BBBBBBBBBBBBBBBB  BBBBB  BBBBBBBBBBBB 
tWAfi  BB'iBB  BBBBB  BBBBB  BBBBB  BBBBB  BBBgB  BBB^^H 
irirBI#BBBBBBiiBBBIBIBfiBBBBBBBBBB3BaBiBBBBI 

I IJBI  BBBB  BBBBB  BBBlS  BBBBB  BBBBB 55555S5555 5bB 

II BBIBBBBBBBBBBBBBBBBBBBBBBBBBBBBB  BBBBBBbI! 

BBBB!  BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBfl 


I 


II  BBI 'BBBB  BBBBB  BBBBBBaaBBBBBBBBBBBBBBaBBaBB| 
IIBBI  BBBBBBaBBBBBBBIBBBBBBBBBBBBBBBBBBBBBB| 

ijbbi  bbbbbbbbbbbbbbibhbibbbbbbbbbbbbbbbbb| 
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Figure  g-16 
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B  •  Place  of  greater  latitude,  l.e.,  nearer  the  pole. 
(.£  •  Latitude  of  station  A 
Lb  *  Latitude  of  station  B 

C  «  Difference  of  longitude  between  stations  A  and  B. 


Taking  the  arc  tan  of  the  above  two  equations,  — 

and  JCSL  can  be  obtained. 

2 


B-6i 


ri.o  distance  Z  (In  degrees)  along  the  greet  circle  be¬ 
tween  A  and  B  is  given  by: 


I.  (In  degrees)  X  111.18  «  kilometers 

X  69.05  =  statute  miles 
X  60.00  =  nautical  miles 
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Path  Distance  Less  Than  75  Miles  or  120  Km 

B  (east) 


A  (west) 


ax  ■  Difference  between  longitudes  of  stations 
A  and  B. 

axsec  •  Converted  difference  Into  seconds. 
a0  »  Difference  between  latitudes  of  stations 

A  and  I. 

A0$ec  "'Converted  difference  Into  seconds. 


(  Latitude  of  the  station 
\  closer  to  the  equator 


♦ 


A0 


2 


1)  Calculate 

(axsec) (Bm/Am)*(cos  0m) 
cot  (w)  ■ - - 

A0$ec 


2) 


obtain  (w) 

°»eters  * 


(axs<c)(cos  0») 
(Afl,)*(cos  w) 


*  EWAff  and  Ag  from  tables,  for  tabulated  latitude 


nee rest  to  0». 
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Latitude 

degrees 

Bm/Am 

Latitude 

degrees 

Bm/  Ar 

Latitude 

degrees 

Bm/Anj 

00 

1.00681343 

25 

1.00559/07 

50 

1.00281541 

01 

1.00681343 

26 

1.00550446 

51 

1.00269766 

02 

1.00680648 

27 

1.00540954 

52 

1.00258222 

03 

1.00679488 

28 

1.00531231 

53 

1.00246911 

04 

1.00673098 

29 

1.00521278 

54 

1.00235371 

05 

1.00676243 

30 

1.00511094 

55 

1.00224293 

06 

1.00673925 

31 

1.00500680 

56 

1.00213216 

07 

1.00671375 

32 

1.00490036 

57 

1.00202141 

08 

1.00668362 

33 

1.00479392 

58 

1.00191297 

09 

1.00664885 

34 

1.00468288 

59 

1.00180686 

10 

1.00660944 

35 

1.00457184 

60 

1.00170306 

11 

1.00656772 

36 

1.00446082 

61 

1.00160158 

12 

1.00652137 

37 

1.00434749 

62 

1.00150241 

13 

1.00647038 

38 

1.00423187 

63 

1.00140556 

14 

1.00641708 

39 

1.00411626 

64 

1.00130872 

15 

1.00635915 

40 

1.00399835 

65 

1.00121650 

16 

1 . 00629659 

41 

1.00388277 

66 

1.00112660 

17 

1.00623171 

42 

1.00376258 

67 

1.00104131 

18 

1.00616452 

43 

1.00354471 

68 

1.00095603 

19 

1.00609271 

44 

1.00352686 

69 

1.0C087537 

20 

1.00601858 

45 

1.00340671 

70 

1.00079701 

21 

1.00593982 

46 

1.00328888 

71 

1 .00072097 

22 

1.00585875 

47 

1.00316876 

72 

1.00064954 

23 

1.00577538 

48 

1.00305097 

24 

1.00568738 

49 

1.00293318 

B-64 


atltuoe  a 

degrees 

latitude 

degrees 

00 

.03233903 

25 

01 

.03233896 

26 

02 

.03233888 

27 

03 

.03233873 

28 

04 

.03233844 

29 

05 

.03233814 

30 

06 

.03233784 

31 

07 

.03233739 

32 

08 

.03233607 

33 

09 

.03233635 

34 

10 

.03233568 

35 

11 

.03233501 

36 

12 

.03233427 

37 

13 

.03233345 

38 

14 

.03233263 

39 

15 

.03233166 

40 

16 

.03233069 

41 

17 

.03232965 

42 

18 

.03232853 

43 

19 

.03232742 

44 

20 

.03232623 

45 

21 

.03232496 

46 

22 

.03232362 

47 

23 

.03232228 

48 

• 

24 

.03232087 

49 

!  * n 

Latitude 

CCP  702- 

.03227468 

.03231945 

degrees 

50 

.03231797 

51 

.03227283 

.03231640 

52 

.03227097 

.03231484 

53 

.03226911 

.03231328 

54 

.03226725 

.03231164 

55 

.03226547 

.03230993 

56 

.03226369 

.03230822 

57 

.03226190 

.03230651 

58 

.03226020 

.03230480 

59 

.03225849 

.03230301 

60 

.03225678 

.03230115 

61 

.03225515 

.03229937 

62 

.03225359 

.03229751 

63 

.03225203 

.03229565 

64 

.03225047 

.03229371 

65 

.03224898 

.03229186 

66 

.03224750 

.03228985 

67 

.03224616 

.03228806 

68 

.03224475 

.03228613 

69 

.03224349 

.03228420 

70 

.03224222 

.03228234 

71 

.03224104 

.03228041 

72 

.03223985 

.03227847 

.03227662 
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DATA  ANALYSIS 
SECTION  I  -  INSTRUCTIONS 

ANALYSIS  OF  THE  DATA  , 

This  section  Is  intended  to  provide  Insight  Into  the  meaning 
of  data  recorded  during  a  technical  evaluation.  Each  Individual 
test  performed  provides  Information  as  to  system  quality  and 
certain  faults  that  may  exist  In  the  radio  or  multiplex  sub¬ 
system.  Analysis  of  the  test  results  collectively,  however,  can 
result  In  expeditious  fault  isolation  and  correction,  eliminating 
unnecessary  and  time  consuming  trial  and  error  procedures.  Every 
test  performed  has  a  definite  relationship  to  one  or  more  of  the 
other  tests  In  the  sequence.  This  section  will  examine  the 
Individual  tests  performed  by  the  TEP  Teams  and  their  relation¬ 
ships  to  other  tests.  The  test  results  will  be  examined  as 
possible  trouble  shooting  aids  based  on  engineering  Information 
and  past  experience. 

IDLE  CHANNEL  NOISE  RECORDINGS 

Idle  channel  noise  (ICN)  Is  probably  the  key  parameter  In 
system  analysis.  The  ICN  readings  usually  provide  the  first 
Indication  that  a  problem  exists  in  a  system.  The  ICN  Is 
determined  by  noise  from  all  subsystems  as  shown  below: 

ICN  =  Radio  equipment  intrinsic  noise  +  thermal  noise  + 
equipment  intermodulation  +  feeder  echo  distortion  + 
path  Intermodulation  +  multiplex  noise 
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a.  The  ICN  recordings  made  by  TEP  show  the  noise  on  the  system 

under  normal  traffic  loading  conditions.  Normally,  the  ICN  will 
be  greater  than  the  basic  noise  ratio  (BNR) *( converted  to  the 
same  units  as  ICN)  but  less  than  the  noise  power  ratio  (NPR), 
which  is  taken  at  system  design  loading.  However,  it  is 
possible  for  ICN  to  exceed  the  value  measured  for  NPR  if  the 
radio  noise  is  low  and  the  multiplex  noise  is  predominate. 

This  is  sometimes  the  case  on  line  of  sight  (LOS)  links. 

Another  case  where  the  ICN  may  exceed  the  NPR  value  is  where 
the  RSL  Is  considerably  lower  during  the  ICN  recording  than 
during  the  NPR  tests  such  as  on  tropo  paths  where  radio  thermal 
noise  Is  usually  greater  than  multiplex  noise  due  to  the  lower 
receive  signal  levels  (RSL).  As  a  general  rule,  as  long  as  the 
baseband  loading  is  less  than  that  for  which  the  radio  was 
designed,  it  can  be  assumed  that  the  RSL  and  ICN  should  vary  in 
direct  relationship,  if  the  multiplex  does  not  provide 
significant  noise.  However,  since  the  multiplex  will  have  a 
certain  relatively  constant  noise,  this  will  limit  improvements 
in  ICN  below  a  certain  level.  Above  this  multiplex  noise  limit 
the  RSL  and  ICN  will  normally  vary  inversely.  If  the  baseband 
is  overloaded,  the  idle  channel  noise  should  be  considerably 
higher  than  normal. 

b.  It  should  be  pointed  out  that  although  ICN  is  a  valuable 

parameter  in  system  analysis,  It  does  not  provide  a  great  deal 


of  Information  as  to  the  cause  of  a  problem.  The  first  step  in 
fault  Isolation  when  ICN  Is  high  is  to  determine  If  the  problem 
can  be  attributed  to  white  noise  problems  or  a  fading  RSI. 

Beyond  this  point,  other  noise  data  is  needed  for  effective 
isolation  of  the  problem.  A  check  for  white  noise  can  be  made 
with  a  speaker  or  headset.  Noise  spikes  and  tones  can  be 
identified  easily  and  checked  with  a  frequency  selective  volt¬ 
meter.  White  noise  can  arise  in  a  channel  from  thermal  sources 
or  from  Intermodulation  products  of  complex  signals.  If  there 
are  no  noise  spikes  evident  from  the  above  checks,  further 
tests  will  be  required  to  Isolate  the  white  noise  problem. 

An  RSL  problem  can  be  Identified  by  a  check  of  the  A6C  voltage, 
provided  suitable  site  records  of  AGO  vs  RSL  exist  on  which  to 
derive  a  "Normal"  median.  If  an  RSL  problem  does  exist  that 
cannot  be  attributed  to  a  fading  condition,  the  waveguide 
assembly,  circulator,  and/or  antenna  alignment  would  require 
further  Investigation. 

If,  however,  the  problem  cannot  be  traced  to  white  noise  or  low 
RSLs;  NPR/BNR  tests,  baseband  level  checks,  quieting  data,  and 
deviation  checks  will  be  required  to  Isolate  the  problem. 

NPR/BNR  DATA 

The  NPR  and  BNR  data  provides  a  great  deal  of  Information 
about  the  transmitter  and  receiver  noise  composition.  Link  BNRs 
are  generally  a  measure  of  transmitter  and  receiver  Intrinsic 
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noise  and  thermal  noise  with  the  latter  usually  being  the 
predominate  factor  on  tropo  systems.  Link  NPRs  include  the 
same  factors  governing  loopback  NPRs  plus  path  intermodulation 
noise  due  to  multipath  effects,  however,  the  path  contributions 
are  almost  negligible  on  line  of  site  links, 
b.  NPR/BNR  measurements  are  extremely  valuable  as  fault  isolation 
tools.  For  instance,  if  a  problem  is  indicated  by  a  high  ICN 
reading,  loopback  NPR/BNR  tests  can  be  performed  to  isolate  the 
problem  (if  thermal  or  intermod)  to  a  particular  In  station 
transmitter  or  receiver.  The  slot  In  which  a  low  NPR  or  BNR 
reading  Is  observed  Is  also  an  excellent  Indicator  as  to  the 
source  of  a  problem.  Considering  that  the  BNR  is  acceptable 
and  the  low  slot  NPR  is  bad,  the  problem  is  usually  a  result  of 
"Static  Distortion."  "Static  Distortion"  occurs  while  the 
signal  Is  In  the  form  of  amplitude  variations  (i.e.  before  the 
modulation  or  after  demodulation).  Interrnodulation  products 
can  be  attributed  to  any  of  the  following  factors: 

(1)  System  deviation  is  improperly  adjusted. 

(2)  Mlcrophonic  tubes/components. 

(3)  Defective  coupling  capacitors  in  limiter. 

(4)  Gassy  electron  tubes. 

(5)  Non-linearities  in  the  transmitter  or  receiver  circuits. 

(6)  Excessive  power  supply  ripple. 

(7)  Non-linear  discriminator  response. 
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(8)  Non-linearities  In  the  transmit  or  receive  baseband 
amplifiers. 

If  the  bad  NPRs  are  measured  In  the  high  slot,  the  Intermodula- 
tlon  Is  usually  due  to  "Dynamic  Distortion."  "Dynamic 
Distortion"  occurs  when  the  signal  Is  carried  as  frequency 
modulation,  as  In  RF  amplifiers,  waveguide,  receiver  IF,  etc. 
Some  of  the  causes  of  high  slot  distortion  are  as  follows: 

(1)  RF  Interference. 

(2)  Impedance  mismatches. 

(3)  Waveguide  defects 

(4)  Antenna  defects. 

(5)  Non-linearities  In  the  IF  amplifiers. 

(6)  Propagation  time  and  phase  characteristics  of  RF 
f 1 1 ters . 

VSWR  tests  would  provide  further  Information  If  bad  high  slot 
NPRs  are  noted. 

If  the  RSL  and  white  noise  problems  have  been  eliminated  as 
causes  of  high  ICN,  loopback  NPR/BNR  tests  should  then  be 
performed  (If  possible)  and  the  results  compared  with  equipment 
standards.  The  RSL  should  approximate  the  median  operating  RSL. 
If  both  the  NPR  and  6NR  results  are  poor,  thermal  noise  masking 
Is  Indicated  and  the  noise  figure  of  the  receiver  Involved 
should  be  checked  *  If  the  noise  figure  meets  specifications, 
transmitter  deviation  should  than  be  checked. 
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e.  If  the  BNRs  are  satisfactory,  while  the  NPRs  are  bad,  an  inter¬ 
modulation  problem  is  Indicated.  If  possible,  an  IF  loopback 
should  be  performed  to  isolate  the  problem  to  the  IF  or  RF 
circuitry.  If  the  IF  loopback  Is  satisfactory,  a  problem  in 
the  exciters,  power  amplifiers,  RF  amplifiers,  or  mixers  is 
Indicated.  As  discussed  previously,  the  particular  noise 
slots  will  provide  a  key  to  the  location  of  the  problem. 

f.  If  the  loopback  NPR/BNR  tests  prove  to  be  good  at  both  ends  of 
the  link,  the  problem  must  lie  In  the  multiplex,  waveguide/ 
antenna  system  or  the  path  (least  likely  to  affect  LOS).  If 
this  is  the  case,  a  link  NPR/BNR  test  should  be  performed.  If 
the  link  NPR  Is  not  acceptable,  waveguide/antenna  problems  or 
path  Intermodulation  Is  Indicated  and  VSWR  tests  will  be  required. 
Once  again  the  Individual  noise  slots  will  provide  the  best 
information  about  the  problem. 

g.  The  usual  problem  encountered  during  an  evaluation  Is  that  of 
NPRs  not  meeting  specifications  In  any  slot.  If  this  Is  the 
case,  the  most  likely  cause  Is  a  non-linear  modulator  (klystron). 
The  usual  action  for  correction  of  this  problem  Is  adjustment  of 
the  klystron  tuning  screw  and  possibly  the  discriminator 
linearity  adjustment.  One  other  step  to  assure  NPR  optimization 
Is  to  assure  that  the  deviation  is  properly  set.  If  none  of 
these  procedures  correct  the  problem,  replacement  of  the 
klystron  is  indicated. 
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h.  An  Important  consideration  in  NPR/BNR  measurements  is  the 
median  RSL  during  the  measurement  period.  Since  the  receiver 
tnermal  noise  (thus  BNR)  is  a  function  of  RSL,  It  Is  Important 
that  the  RSL  be  recorded  on  the  NPR/BNR  data  sheet.  If  this  is 
done,  the  BNRs  can  be  compared  to  the  quieting  data  at  the  same 
RSL.  The  BNRs  should  compare  within  1  dB  or  so  (if  link  BNR  Is 
used)  of  the  quieting  data  at  an  equivalent  RSL.  This  provides 
an  effective  check  on  the  data.  To  do  this,  BNR  has  to  first 
be  converted  to  S/N.  The  following  formula  Is  used  for  this 
conversion: 

S/N  3  BNR  +  10  log  (  Baseband  Bandwidth]  - 
\  Channel  Bandwidth  ) 

Noise  Loading  Factor 

where: 


Channel  Bandwidth  s  3.1  kHz 
Baseband  Bandwidth  Is  determined  by  Channel  Capacity 


Noise  Loading  Factor 


-1+4  log 
-15  +  10  log 


n)n  <240  1 

n]n  >240  J 


=  -10  +  10  log  N  for  OCA 
loading  all  channels 
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N  *  number  of  channels 

In  most  cases  the  S/N  calculated  from  the  link  BNR  will  be 
slightly  lower  than  the  S/N  obtained  from  the  quieting  curves 
(at  equivalent  RSLs)  due  to  the  fact  that  transmitter  and  path 
thermal  noise  is  included.  However,  the  receiver  thermal  noise 
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is  usually  predominate  for  tropo  systems  ana  the  difference 
should  normal1^  be  one  dB  or  less.  In  no  case,  will  the  S/N 
calculated  from  the  BNR  be  greater  than  that  obtained  from  the 
quieting  curves  unless  a  noisy  generator  was  used  to  obtain 
the  quieting  data. 

i.  1  he  link  NPR  shows  the  noise  performance  of  the  radios  and  the 
path  (on  tropo)  under  capacity  loading  conditions.  If  the  same 
RSL  is  used  when  measuring  link  NPR  as  was  used  when  evaluating 
the  link  BNR  and  quieting  data,  the  link  NPR  should  reflect 
considerably  more  noise  (per  slot)  than  either  the  link  BNR  or 
quieting  data.  This  is  assuming  no  thermal  noise  problems 
exist.  A  difference  of  between  3  to  15  dB  can  be  expected.  If 
the  difference  is  not  within  this  range,  a  thermal  or  inter¬ 
modulation  noise  problem  is  usually  indicated.  In  no  case  can 
the  NPR  be  greater  than  the  BNR. 

j.  Since  the  end  product  of  noise  generated  anywhere  in  a  system 
is  noise  in  a  channel,  it.  is  desirable  to  convert  NPR  to  per- 
channel  noise.  This  is  accomplished  in  the  same  manner  as  BNR 
is  converted  to  S/N.  In  the  equation  NPR  is  substituted  for 
BNR.  The  value  obtained  in  this  manner  indicates  the  amount  of 
noise  which  the  subsystem  evaluated  will  add  to  a  channel  when 
the  system  is  fully  loaded. 

k.  In  summary,  the  NPR/BNR  data  measured  during  an  evaluation  is 
an  extremely  important  trouble  shooting  tool.  By  performing  in 
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station  RF  and  IF  loopbacks  and  link  tests,  a  problem  can  be 
Isolated  to  a  certain  portion  (transmitter,  receiver,  etc.)  of 
the  system.  Furthermore,  examination  of  the  different  slots 
provides  more  Information  as  to  location  of  the  abnormality. 

When  the  BNR  Is  examined  In  conjunction  with  the  measured 
quieting  data,  an  effective  check  of  the  test  results  can  be 
accomplished.  One  point  derived  from  this  discussion  is  the 
Importance  of  accurate  median  RSL  recordings  during  the  measure¬ 
ment  period.  The  RSL  recordings  need  to  be  clearly  marked  at 
ine  beginning  and  ending  of  the  measurement  period.  The  RSL 
and  median  baseband  loading  level  recorded  during  this  test 
period  should  be  annotated  on  the  NPR/BNR  data  sheets.  This 
will  provide  the  data  analysts  with  a  summary  of  all  the  Informa¬ 
tion  required  so  that  reference  to  the  strip  charts  will 
normally  not  be  necessary. 

NOISE  POWER  RATIO  (NPR)  TESTING 

Noise  Power  Ratio  (NPR)  testing  Is  a  special  test  technique 
employing  White  Nois*  loading  of  amplifiers,  transmitters,  and 
transmission  system,;  to  determine  or  verify  equipment  or  system 
performance.  The  Most  comtion  application  of  NPR  testing 
normally  encountered  In  the  DCS  and  other  communications  systems 
Is  In  the  testing  o  r  broadband  transmission  facilities  such  as 
microwave,  and  trop  spheric  scatter  links.  The  techniques  may 
be  applied  to  a  complete  baseband  of  a  transmission  system  or  to 


groups  or  supergroup  slots  in  testing  of  multiplex  equipment 
performance.  It  is  also  possible  to  test  overall  system  per¬ 
formance  from  audio  breakout  to  audio  breakout  by  use  of  special 
white  noise  generators  designed  to  load  individual  channels  of  a 
frequency  division  multiplex  (FUM)  system.  It  should  be  noted 
that  NPR  testing  is  generally  not  appM cable  to  testing  of  PCM 
transmission  systems.  The  following  discussions  will  be  limited 
to  application  in  testing  of  broadband  microwave  and 
tropospheric  scatter  systems  from  baseband  to  baseband  since 
this  Is  the  most  commonly  encountered  application, 
b.  NPR  testing  developed  out  of  a  need  to  test  equipment  and  trans¬ 
mission  system  performance  under  actual  operating  conditions. 
When  a  transmission  system  Is  designed,  the  design  is  based  on 
providing  a  particular  noise  performance  under  maximum  loading 
conditions.  Obviously  it  becomes  impractical  or  Impossible  to 
test  the  noise  performance  under  normal  operating  cond.Jons 
because  the  instantaneous  loading  is  continually  changing  and 
there  is  no  practical  method  of  controlling  the  channel  activity 
to  Insure  all  channels  are  in  use  and  all  levels  are  correct 
during  the  test  period.  This  problem  has  been  overcome  by  the 
use  of  what  is  termed  white  noise  as  a  test  signal  to  simulate 
a  fully  loaded  system.  White  noise  is  noise  that  covers  a 
selected  bandwidth  and  has  the  same  level  at  all  frequencies 
across  the  frequency  spectrum  of  interest.  The  noise  is  said 
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to  have  a  flat  or  gausslan  distribution.  It  has  been  found 
that  white  noise  statistically  has  the  same  characteristics  as 
a  complex  signal  composed  of  a  multiple  number  of  either  voice 
or  data  signals.  Figure  c-t  shows  the  difference  between  the 
peak  and  RMS  values  of  power  for  a  complex  signal  and  a  sine* 
wave  signal.  The  peak  to  average  (P/A)  value  In  dB  for  a  sine 
wave  is  readily  calculated  as  3  dB  (20  log  1.414),  calculating 
the  P/A  of  a  complex  waveform  Is  exceedingly  difficult  and 
becomes  more  of  a  statistical  study.  As  may  be  seen  from  the 
figure,  there  are  many  peaks  occurlng  at  various  amplitudes. 

The  Important  point  In  determining  the  P/A  of  a  complex  signal 
is  In  defining  what  percentage  of  time  a  certain  level  Is 
exceeded  rather  than  the  number  of  peaks,  or  what  the  maximum 
peak  level  Is.  In  this  respect  It  has  been  determined  that  for 
a  P/A  of  13  dB,  that  this  level  Is  net  exceeded  more  than 
approximately  .00H  of  the  time  for  both  white  noise  and  complex 
signals  composed  of  either  multiple  voice  or  data  channels. 

This  Is  further  Illustrated  In  Figure  £2.  As  may  be  seen,  the 
P/A  of  voice  signals  varies  from  approximately  19  dB  for  one 
channel  down  to  about  13  dB  when  the  number  of  voice  signals 
exceed  approximately  60  channels.  Data  signals,  however,  start 
at  3  dB  for  a  single  tone  (sine  wave)  Increasing  to  about  13  dB 
at  a  loading  of  about  18  tones.  White  noise  then  can  be  used 
to  simulate  multichannel  baseband  signals  for  testing  purposes. 
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c>  When  white  noise  is  used  to  simulate  a  baseband  signal,  the 

white  noise  signal  should  occupy  the  same  frequency  spectrum  as 
the  bandwidth  of  the  baseband  signal,  and  be  at  the  design 
level  for  a  fully  loaded  system.  Figure  C-3  shows  a  white  noise 
signal  and  the  formulas  used  to  calculate  the  level  required  for 
testing.  The  Noise  Loading  Ratio  (NLR)  is  the  level  in  dBmO  or 
dB  referenced  to  the  0  TLP  or  Single  Channel  Test  Tone  (SCTT) 
used  in  the  system  design.,  (NOTE:  This  SCTT  corresponds  to 
0  dBmO  and  Is  not  the  same  as  a  test  tone  used  to  test  channels 
etc.,  which  is  at  a  level  of  -10  dBmO).  The  first  two  formulas 
are  based  on  the  International  Consulting  Committee  on  Radio 
(CCIR)  recommendations.  Ihe  first  formula  for  N--240  takes  into 
account  the  more  severe  P/A  for  lower  numbers  of  channels.  The 
third  formula  represents  the  so  called  "Military  Loading"  and 
reflects  higher  average  value  of  signal  levels  in  channels  of 
military  communications  systems.  This  can  be  misleading  since 
many  systems  and  eouipment  in  use  by  the  military  were  actually 
designed  to  CCIR  standards.  Two  examples  in  Japan  are  the  Japan 
Tropo  System  and  484N  Kanto  Plains  Microwave  System.  The  newer 
IJCS-PAC  Microwave  Systans  in  Taiwan  and  Okinawa,  on  the  other 
hand,  were  designed  for  military  loading.  The  important  thing 
In  using  the  white  noise  signal  is  that  the  bandwidth  and  level 
must  be  accurately  specified  for  meaningful  results. 

d.  References  to  NPR  in  various  technical  publications  give  such 
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definitions  or  descriptions  as: 

(1)  Signal  to  noise  ratio  (S/N)  n  dB  In  a  particular 
channel  or  slot  of  the  baseband  of  an  amplifier,  transmission 
equipment  or  transmission  path  for  some  specified  white  noise 
loading  condition. 

(2)  NPR  Is  an  Indication  or  measurement  of  Intermodulatlon 
noise  for  some  specified  loading  condition. 

Both  of  the  above  properly  describe  NPR  but  fall  far  short 
of  providing  an  easily  understood  explanation  of  what  NPR  Is  and 
how  NPR  test  results  may  be  used  and  Interpreted.  To  obtain 
maximum  benefit  from  NPR  testing  and  analysis  of  the  results,  a 
good  working  knowledge  of  dB's  and  other  logarithmic  units,  and 
the  method  of  performing  NPR  tests  Is  required.  A  description 
of  NPR  testing  is  contained  In  Supplement  1,  DCAC  310-70-57,  and 
Is  briefly  discussed  in  the  following  paragraph, 
e.  Figure  C-4  shows  a  typical  setup  for  white  noise  testing  a  trans¬ 
mission  s  stan  or  components  of  a  system  to  determine  Its  NPR 
performance  capability.  The  transmission  system  could  be  a 
complete  RF  link  or  simply  an  In-house  Pp  loopback  of  microwave 
transmitters  and  receivers.  In  any  case,  the  point  of  Interface 
would  be  at  the  baseband  Inputs  and  outputs.  As  shown  In  the 
diagram,  the  output  of  a  white  noise  generator  Is  connected  to 
the  system  or  device  under  test  through  the  approplate  high 
pass  and  low  pass  filter  combination  to  band  limit  the  spectrum 
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of  white  noise  to  tnat  cf  the  normal  baseband  signals.  The 
level  of  noise  is  then  adjusted  to  the  desired  baseband  level 
in  accordance  with  the  appropriate  NLR  formula.  At  the  receive 
side,  the  white  noise  level  in  a  selected  slot  is  measured  and 
becomes  the  reference  level  in  determining  the  NPR.  Next,  a 
band  reject  filter  is  connected  into  the  circuit  at  the  same 
frequency  as  the  slot  measured  and  another  measurement  made. 

The  noise  measured  now  should  be  due  to  intermodulation  noise 
and  inherent  basic  or  thermal  noise  only.  (The  band  reject 
filter  is  deliberately  designed  to  have  a  3.1  kHz  bandwidth  and 
the  receiver  bandpass  filter  is  1  kHz  wide  to  prevent  white 
noise  fron  "slopping"  into  the  slot  and  causing  erroneous 
reading).  The  NPR  is  now  simply  the  difference  in  dB  between 
the  two  readings.  For  example,  if  the  two  readings  were  -16 
dBmO  and  -71  dBmO,  the  NPR  is  the  difference,  or  55.  It  is 
normal  practice  to  perform  this  measurement,  at  three  slots 
(preferably  high,  mid  and  low)  in  the  baseband  and  at  different 
levels  of  white  noise  loading,  ranging  from  -10  dBmO  to  +16 
dBmO.  The  results  are  then  drawn  on  a  graph  for  further 
analysis. 

f.  Another  measurement  that  Is  used  in  analysis  of  the  NPR  is 
called  the  Basic  Noise  Ratio  (BNR)  or  Basic  Intrinsic  Noise 
Ratio  (BINR).  Figure  C-5  shows  simply  how  BNR  is  measured. 

The  slot  Is  first  measured  under  loaded  conditions  and  the 
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white  noise  present  becomes  the  reference.  The  white  noise  Is 
then  completely  removed  so  that  only  basic  noise  (BN)  Is  left 
(no  Intermodulation  noise  because  there  Is  no  signal  l.e.  white 
noise  to  cause  intermodulatlon)  and  the  level  is  measured.  The 
difference  In  levels  In  dB  Is  then  the  BNR.  For  example,  the 
white  noise  measures  -16  dBmO  and  the  BNR  measures  -76  dBmO. 

The  BNR  Is  60  dB,  the  difference  between  -76  and  -16  dBmO. 

There  are  some  NPR  test  sets  that  give  measurements  In  terms  of 
signal  to  noise  ratio  (S/N)  In  dB  for  a  voice  channel  Instead 
of  NPR.  One  can  be  calculated  from  the  other,  however, 
confusion  can  result  In  performing  measurements  if  the  measure¬ 
ments  are  read  in  NPR  when  actually  the  reading  represents  an 
S/N. 

The  question  Is  sometimes  raised  as  to  what  the  effect  of  the 
bandwidth  of  the  noise  slot  measured  has  on  the  test  results. 

This  Involves  what  Is  termed  Bandwidth  Ratio  (BWR)  and  Is 
Illustrated  In  Figure  C-  .  BWR  in  dB  is  simply  10  times  the 
ratio  of  the  2  bandwldths  involved.  It  is  easily  understood 
that  If  a  slot  that  is  Y  cycles  wide  acbilts  a  certain  amount  of 
noise  then  a  slot  2Y  cycles  wide  will  admit  twice  as  much  noise 
powei;  or  3  dB  more  power  (10  log  2  *  3  dB).  It  Is  Important  then 
In  determining  S/N  of  channels  to  know  what  the  bandwidth  Is  but 
In  performing  NPR  tests  It  Is  not  Important.  Figure  C-7 
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demonstrates  this  fact  very  simply.  The  figure  assumes  a  1  kHz 
slot  for  taking  measurements.  If  the  baulwidth  is  widened  to 
2  kHz,  twice  as  much  noise  is  measured  and  the  levels  are  .3  dB 
higher  than  those  measured  with  the  1  kHz  slot.  The  NPR, 
however,  remains  the  same  because  it  is  the  difference  between 
the  two  levels.  The  S/N  of  a  channel,  however,  is  another 
matter  because  the  reference  is  the  0  TLP,  SCTT  or  0  dBmO  point 
and  the  S/N 1 s  are  therefore  76  and  /3  dB  respectively  -  a  3  dB 
difference  due  to  the  difference  in  the  bandwidth  of  the  noise 
slot  measured. 

Figure  C-8  shows  actual  NPR  tesi.  results  obtained  on  an 
active  microwave  system,  and  Figure  C-y  shows  the  curves  plotted 
from  the  NPR  results.  Figure  C-1Q  'isls  some  of  the  information 
that  can  be  determined  from  an  analysis  of  NPR  data  and  curves. 
These  are  also  listed  below:. 

(1)  Expected  channel  (or  slot)  S/N  for  various  loading 
conditions. 

(2)  Optimum  loading  point. 

(3)  Amount  of  basic  noise  versus  intermodulation  noise. 

(4)  System  and/or  microwave  equipment  performance. 

(5)  Identification  of  possible  microwave  equipment 
malfunction  or  maladjustment. 

h.  The  above  are  discussed  in  the  paragraphs  below,  with  examples 
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where  applicable. 

(  1)  The  expected  S/N  in  a  channel  or  slot  can  be  readily  calculated 
from  the  NPR  measured  by  the  formula: 

S/N  =  NPR  +  BUR  -  NLR 

Where  S/N  is  the  S/N  for  a  certain  bandwidth  which  is  used 
to  calculate  the  BUR  based  on  the  slot  or  channel  bandwidth  and 
the  white  noise  bandwidth,  the  S/N  is  flat  weighted  and 
conversion  factors  must  be  used  to  determine  the  expected  S/N 
for  weighting  such  as  "C"  message  etc.  Since  white  noise 
simulates  actual  signal  conditions  in  the  baseband,  actual  S/N 
under  operating  conditions  can  be  determined  by  considering  the 
actual  baseband  level  (BBL)  to  be  the  same  as  the  white  noise 
level  used  for  the  NPR  test.  Figure  C-ll  shows  how  the  above 
formula  is  derived.  The  point  of  reference  is  the  SCTT  or 
0  TLP.  NLR  is  calculated  In  reference  to  the  SCTT  which  pro¬ 
duces  a  white  noise  level  equal  to  BUR  dB  below  the  NLR.  The 
difference  of  the  basic  noise  (BN)  and  intermodulation  ( IM) 
noise  from  the  white  noise  In  the  slot  then  equates  to  the  slot 
NPR  in  dB.  The  S/N  is  the  level  of  the  BN  and  IM  noise  below 
the  SCTT.  The  diagram  $h  >ws  that  the  difference  between  the 
SCTT  and  the  white  noise  in  the  slot  is  BUR  -  NLR.  The  S/N  then 
is  NPR  +  difference  between  SCTT  and  white  noise  In  the  slot,  or 
S/N  =  NPR  +  BUR  -  NLR. 

Figure  C-12  gives  a  summary  of  the  expected  S/N  for  3.2  kHz 
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channels  in  the  baseband  of  the  actual  system  during  operation. 

It  should  be  noted  that  the  best  S/N's  occur  at  the  lower  levels 
of  BBL  and  get  increasingly  worse  as  the  BBL  Increases  due  to 
the  increase  in  intermodulation  distortion.  The  apparent 
Improvement  in  S/N  at  -5  dBmO  as  opposed  to  -10  dBmO  loading  for 
the  2438  kHz  slot  is  probably  attributed  to  instrumentation  or 
operator  error  in  making  the  readings.  It  should  be  realized 
that  these  S/N  values  apply  only  to  the  baseband  signal  and  not 
to  the  receive  channel  output  because  the  multiplex  will  add 
noise  to  the  multiplexed  channel.  If  it  is  assumed  (or  known) 
that  the  multiplex  contributes  little  noise,  the  value  obtained 
can  be  used  as  a  fair  representation  of  the  expected  channel 
output  noise  at  the  frequencies  tested. 

(2)  The  optimum  loading  point  for  a  transmission  system  can  also  be 
determined  from  examination  of  the  NPR  test  data  and  knowing 
the  range  of  the  baseband  levels  encountered  during  normal 
operation.  Levels  and  adjustment  of  amplifier  gains,  frequency 
deviation,  etc.,  are  generally  specified  in  the  technical  manual, 
but  in  many  cases  military  systems  are  found  to  deviate  from 
these  specifications.  Conmercial  systems,  however,  are  often 
"optimized"  to  provide  for  the  best  S/N  ratio.  Figure  C-13  is 
used  to  illustrate  how  the  system  could  be  optimized  by 
utilizing  the  NPR  test  results.  Assume  that  the  normal  BBL 
is  at  the  -10  NLR  level  (+7.8  dBmO).  The  expected  S/N  at  this 
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level  is  69.2  dB.  If  the  BBL  entering  the  system  is  increased 
by  10  dB  It  will  have  the  same  effect  as  increasing  the  BBL  to 
the  0  NLR  point  where  the  expected  S/N  Is  65.8  dB.  By 
Increasing  the  BBL  or  deviation  we  have  effectively  Increased 
the  SCTT  by  10  dB,  therefore,  the  expected  S/N  is  now  75.8  dB, 
or  an  Increase  In  S/N  of  6.6  dB.  Note,  however,  that  if  the 
normal  level  was  at  0  NLR,  and  deviation  was  increased  by  10 
dB  we  would  degrade  our  S/N  by  21.8  dB  (65.8  -  44).  By  the 
same  token.  If  the  normal  level  of  BBL  was  at  the  +  10  NLR  point 
and  deviation  or  BBL  were  reduced  by  10  dB,  we  could  realize  a 
21.8  dB  Increase  In  S/N.  However,  if  the  level  was  normally  at 
the  0  NLR  we  would  degrade  the  S/N  by  6.6  dB.  The  optimum  point 
occurs  at  the  point  of  maximum  NPR.  Naturally  the  output  of  the 
receiver  requires  adjustment  if  the  transmit  deviation  or  BBL  is 
changed  to  provide  the  proper  levels  to  the  receive  multiplex 
equipment.  As  a  matter  of  note,  the  optimum  point  for  loading 
(best  NPR)  may  not  necessarily  occur  at  the  0  NLR  point. 

(3)  The  amount  of  basic  noise  and  intermodulation  noise  can  be 
readily  calculated  from  the  BNR  and  NPR  data.  Section  III 
provides  details  on  how  to  calculate  the  values.  Basically  the 
BNR  and  NPR  values  are  used  to  calculate  the  levels  In  pWO 
representing  the  BN  and  BN  +  IM  levels.  The  level  of  IM  is 
simply  the  difference  between  the  two.  Figure c -14  shows  a 
tabulation  for  the  70  kHz  slot  data.  It  is  Interesting  to  note 
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tnat  as  the  NLR  increases,  the  intermodulation  noise  increases 
at  a  nori-1  ;near  rate,  the  rate  of  increase  being  greater  as  the 
NLR  increases. 

I’lobaniy  ^he  most  inipo**'..ant  ttei  tnat.  a  microwave  repairman 
is  mtere ;ted  m,  is:  Ocec  tne  ego  pment  or  system  meet  some 
NPR  (and  sometimes  BNR)  specification  in  the  technical  manual? 

It  this  is  all  that  is  desired,  normally  it  can  be  satisfied  by 
performing  the  NPR  test  at  thp  0  NLR  point  only.  If  NPR  only  is 
desired,  it  is  not  necessary  to  check  the  BNR,  but  it  should  be 
clear  that  if  the  BNR  is  lower  than  the  required  NPR,  it  is 
impossible  to  ever  get  the  desired  NPR.  Whether  to  perform  NPR 
checks  at  other  than  the  0  NLR  point  depends  upon  what  type 
information  is  desired  from  the  analysis  or  in  the  case  of  the 
military,  what  the  official  guidance  is.  In  any  case,  perform¬ 
ing  NPR  checks  at  loadinqs  from  0  rtltmO  to  -rl6  dBmO  can  serve  as 
a  useful  purpose  to  evaluate  the  overall  system  performance. 

(4)  One  important  factor  that  is  riot  readily  apparent  in  the  testing 
of  microwave  and  tropo  systems  is  the  Received  Signal  Level 
(RSL)  that  is  used  during  the  test.  This  is  very  important 
since,  for  all  practical  put  poses,  it  determines  the  basic 
noise,  which  in  turn  places  a  limit  on  the  maximum  NPR  that  can 
be  obtained.  Figure  C-15  shows  a  typical  quietinq  curve  for  a 
microwave  receiver  (a  tropo  receiver  is  similar,  but  normally 
the  useable  portion  of  the  curve  extends  to  lower  RSL's).  In 


r-  I'O 


CCP  702- L 


testing  of  equipment,  it  is  normal  practice  to  adjust  signal 
levels  so  that  operation  occurs  on  the  section  of  the  curve 
that  is  controlled  by  the  thermal  noise  of  the  receiver,  i.e., 
that  portion  in  Figure  C-15  from  -40  to  -30  dBm.  As  a  rule  of 
thumb,  this  will  no  Trial  1y  ^e  about  45  dB  above  the  FM  Improve¬ 
ment  Threshold,  which  in  this  case  occurs  at  about  -35  dBm  of 
RSL.  In  testing  system  performance  on  a  link  basis,  the  normal 
signal  level  is  used,  or  if  the  equipment  is  tested  on  a  local 
loopback,  the  normal  RSL  is  simulated  in  adjustment  of  the 
equipment  used  to  feed  the  transmitter  output  back  into  the 
receiver.  Referring  again  to  Figure  c-15,  assume  NPR  tests  are 
run  at  RSL's  of  -35  and  -65  dBm  and  that  the  IM  component  is 
150  pWO  in  each  case  and  tne  white  noise  level  is  -11.2  dBmO, 
in  the  same  3.2  kHz  slot.  The  BN  at  -35  dBm  of  RSL  is  about 
-85  dBmO  which  corresponds  to  5  dBrnO  or  3  pWO.  At  -65  dBm  the 
BN  is  approximately  -60  dBmO  which  corresponds  to  30  dBrnO  or 
1000  pWO.  The  total  noise  at  -35  dBm  and  -60  dBm  is  then  153 
pWO  and  1153  pWO  respectively,  or  roughly  -68  dBmO  and  -59.4 
dBmO.  The  NPR's  then  will  be  56.8  dB  and  48.2  dB  for  the  -35 
and  -60  dBm  RSL's,  a  difference  of  8.6  dB.  The  importance  of 
using  the  correct  RSL  can  readily  be  seen  from  the  above  example. 

(5)  The  shape  of  tne  "classical"  NPR  curve  is  that  of  a  boomerang 
hanging  from  its  elbow;  the  two  sides  rising  at  45  degree 
angles  (equal  dB  scale  for  NLR  and  NPR)  and  flattening  out  at 
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some  peak  value  near  the  design  loading  level.  This  type* of 
curve  is  not  always  encountered  In  practice  and  may  not  be 
typical  for  some  equipment.  The  actual  shape  of  the  NPR  curve 
depends  upon  the  distributions  of  the  BN  compared  to  the  IM 
noise  at  various  NLR  levels  as  shown  in  Figures c  -16  through 
C-20.  The  NPR  curves  on  the  left  sides  of  the  figures  are 
calculated  from  the  assumed  noise  distributions  that  are  plotted 
on  the  right  hand  side  of  the  figures.  All  of  the  calculations 
have  been  based  on  an  assumed  white  noise  signal  of  60  to  2540 
kHz  at  *17.8  dBmO  (600  channel  military  loading).  Noise  is 
measured  in  a  1  kHz  slot,  therefc^e,  r.hc  BNR  is  34  dB.  The 
BNR  is  65  dB  except  for  Figure  C-19  where  it  is  also  figured  at 
45  and  55  dB.  White  noise  at  0  NLR  is  -16  dBmO  per  3.2  kHz  slot. 
Figure  C-16  shows  an  NPR  slot  usinq  the  BN  only.  As  may  be  seen, 
the  curve  Is  a  straight  line,  tne  slope,  of  which  is  45  degrees. 
Figure  C-17  is  a  family  of  curves  showing  the  expected  NPR's  for 
the  noise  distributions  shown,  in  these  cases,  the  curves  will 
never  peak  or  begin  to  drop  down  again,  but  will  flatten  out  at 
some  value  and  remain  at  a  constant  value  of  NPR.  Thi ^  will 
occur  when  the  IM  noise  is  approximately  20  dB  greater  than  the 
BN.  At  this  difference  in  level,  the  sum  of  Bn  plus  IM  Is  equal 
to  IM  for  all  practical  purposes  and  since  it  increases  at  the 
same  rate  as  the  white  noise  loading  (NLR),  the  curve  is  flat. 
Figure  C-18  shows  a  family  of  curves  of  the  NPR  slots  for  the 
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noise  distributions  shown.  In  this  case  the  IM  noise  at  the 
0  NLR  point  is  the  same  as  in  figure  C-17,  but  the  rate  change 
is  2  dB  per  dB  change  of  NLR  versus  1  dB  as  In  Figure  C-17. 

The  curves  will  in  this  case  reach  some  maximum  value  and  then 
begin  to  decrease.  The  peak  NPR  will  occur  when  the  IM  and  BN 
noise  are  equal,  and  the  slope  cf  the  left  and  right  sides  of 
the  curves  will  be  roughly  <15  degrees.  Curve  1  of  Figure  c-18 
Is  the  "classical"  NPR  curve  and  only  occurs  when  the  IM  and  BN 
noise  are  equal  at  the  0  NLR  and  the  IM  Increases  at  a  2  dB 
rate  for  each  dB  of  Increase  In  NLR,  Figure  C-T9  shows  a  family 
of  NPR  curves  where  the  BN  and  IM  noise  are  equal  at  the  0  NLR 
but  at  -71,  -81  and  -91  dBmu.  Note  that  the  curves  all  have  the 
same  shape  and  the  peak  occurs  at  the  0  NLR  but  at  different 
values  of  NPR.  Figure  C-20  Is  Interesting  and  shows  a  type  of 
curve  that  Is  often  encountered  with  certain  tropospheric  scatter 
equipment.  The  noise  distributions  assume  the  noise  rising 
linearly  at  a  2  dB  rate  and  then  "breaking"  at  the  0  NLR  point 
and  increasing  at  a  5  dB  rate  after  that.  The  curves  In  all 
cases  show  that  the  slope  of  the  NPR  curve  Is  steeper  oncthe 
right  sides  due  to  the  5  dB  rate  of  change  of  the  IM  noise.  If 
the  IM  noise  changed  at  a  greater  rate  (say  10  dB),  the  curves 
would  be  steeper  yet.  The  point  of  maximum  NPR  does  not  occur 
at  the  same  NLR  point.  The  actual  shape  of  the  NPR  curve 
obtained  in  testing  is  due  to  the  distribution  of  the  noise 
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components  and  rate  change  of  the  IM  at  different  levels  of 
white  noise  loading.  As  such  in  a  normally  operating  system  it 
is  a  function  of  the  equipment  design. 

(6)  NPR  testing  is  a  valuable  tool  in  determining  or  verifying 
performance  of  systems  or  equipment  because  it  is  a  very  simple 
test  to  perform  and  the  results  would  generally  reflect  any 
malfunction  or  improper  operation  in  the  system  or  equipment. 

On  the  other  hand,  since  almost  any  problem  can  affect  NPR  test 
results  (make  them  poor)  it  Is  sometimes  difficult  to  determine 
where  the  problem  Is.  Guidelines  can  be  given  for  analysis  of 
NPR  test  results,  however,  only  though  experience  will  the 
technician  be  cognizant  of  the  types  of  problems  that  are 
normally  encountered  on  operational  systems.  These  problems 
generally  follow  a  pattern,  and  analysis  and  repair  is  not 
exceptionally  difficult.  As  has  previously  been  mentioned,  it 
is  Impossible  to  meet  NPR  requirements  if  the  BNR  does  not  exceed 
the  required  NPR.  Depending  on  the  distribution  of  the  IM  noise, 
the  BNR  should  normally  be  at  least  3  dB  greater  at  the  design 
loading  level  than  the  required  NPR,  although  this  Is  not 
necessary  for  all  conditions.  Where  BNR  requirements  are 
specified,  they  will  normally  be  4  or  6  dB  greater  than  the  NPR 
specified.  When  BNR  requirements  are  met  and  NPR  requirements 
are  not,  the  causes  can  be  grouped  under  two  general 
classifications,  i.e.,  static  and  dynamic  distortion  problems. 
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Dynamic  disto»tion  prblem,  qeneioiiy  cause  problems  in  the 
higher  frequencies  of  the  basebands  whereas  static  distortion 
affects  th*»  lower  frequencies-  Some  examples  of  problem  areas 
that  can  cause  dynamic  an~  static  t'T<»  d’sto  cion  ar”  listed 

below: 

a.  Dynamic  Distortion 

(1)  RF  Interference. 

(2)  Impedance  mismatches  (particularly  in  the  antenna 
and  waveguide  system  resulting  In  poor  VSWR). 

(3)  Defects  In  waveguides  (dents,  water,  corrosion, 
misaligned  connecting  flanges) 

(4)  Antenna  defects 

(5)  Propagation  time  and  phase  characteristics  of  RF 

filters. 

(6)  Multipath  reflections  causing  severe  time 
displacement  between  main  signal  and  reflected  signal. 

b.  Static  Distortion 

(1)  System  deviation  adjustments. 

(2)  Improper  or  missing  terminations. 

(3)  Microphonlc  noise. 

(4)  Defective  coupling  capacitors  in  limiters. 

(5)  Gassy  electron  tubes  (in  older  equipment). 

(6)  Linearity  adjustments  In  transmitters  and  receivers. 

(7)  Defective  power  supplies. 
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Dynamic  and  static  distortion  does  not  only  affect  high  and 
low  frequencies  In  the  baseband,  they  also  affect  all  frequen¬ 
cies,  however,  their  affects  are  more  pronounced  at  the  high  and 
low  ends  respectively.  The  choice  of  what  corrective  actions  to 
take,  as  mentioned  previously,  depends  upon  whether  the  problems 
seem  to  be  primarily  static  or  dynamic  and  from  past  experience 
with  the  particular  equipment  being  tested  a  determination  as  to 
the  appropriate  couse  of  action  can  be  selected.  When  NPR 
results  show  unsatisfactory  for  an  unfaml.iar  radio  system, 
probably jthe  best  starting  point  In  finding  the  problem  is  to 
Insure  that  the  equipment  Is  properly  aligned  and  then  repeating 
the  NPR  tests.  System  alignment  includes  such  tests  and  adjust¬ 
ments  as  transmitter  deviation,  klystron  sensitivity  (where 
applicable)  klystron  and  discriminator  linearity  and  phase  delay 
characteristics  of  the  IF  amplifiers,  noise  figure  and  receiver 
sensitivity  tests,  etc.  In  cases  where  such  tests  are  beyond 
the  scope  of  local  on-site  maintenance,  corrective  actions  may 
be  limited  to  random  substitution  of  basic  modules  and  minor 
adjustments.  In  event  poor  NPR's  are  not  correctable  on  site, 
extensive  testing  may  be  required  by  specialized  teams,  with 
sophisticated  test  equipment. 

The  following  are  possible  pitfalls  that  could  give  bad  or 
faise  results  during  NPR  testing. 

a.  Improper  grounding  of  test  equipment  -  Insure  that  all 
test  equipment  is  properly  grounded  to  a  cownon  ground  and 
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isolated  from  any  "hot"  AC  grounds. 

b.  Excessively  long  test  leads  (coaxial  cable)  causing 
stray  noise  pick  up. 

c.  Connected  meters  (e.g.  wideband  dB  meter  used  to  check 
NLR)  Introducing  noise  when  left  connected  during  test. 

d.  Not  using  the  maximum  possible  output  level  of  the  NPR 
test  set  with  maximum  padding  to  get  the  desired  NLR.  This  will 
Improve  the  S/N  (signal  here  means  the  white  noise)  of  the 
output  signal. 

e.  2FI  from  signal  generators,  local  transmitters  or  other 
outside  sources. 

f.  Using  the  Improper  (low)  RSk  -  this  will  affect  the  BNR. 

g.  Insure  that  when  measuring  NPR,  the  test  set  Indicates 
NPP  and  not  S/'.l.  v'  «  test  sets  Indicate  S/N  Instead  of  NPR 
and  therefore,  the  reading  must  be  converted  to  obtain  NPR. 

S/N  -  NPR  +  BWR  -  NLR 

or  NPR  •  S/N  +  NLR  -  BWR 

h.  Improper  level  or  bandwidth  of  white  noise  -  how  many 
channels?  What  are  baseband  limits?  CCIR  or  military  loading? 

1.  Reduction  of  white  noise  when  "slotting"  the  white  noise 
signal  for  low  capacity  systems.  If  "slotting"  causes  a  drop  In 
level,  the  output  must  be  readjusted  to  the  desired  level. 

j.  Lack  of  knowledge  of  the  proper  testing  technique. 

As  can  be  seen  from  the  preceedlng  paragraphs,  constructive 
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Information  may  be  derived  from  NPR  testing  and  analysis.  The 

results,  however,  may  sometimes  be  misinterpreted  and  wrong  or 

m i « leading  conclusions  are  reached.  Take  as  an  example,  a 

transmission  system  consisting  of  a  single  microwave  link  with 

multiplex  terminals  on  both  ends.  Assume  that  the  link  NPR 

results  are  satisfactory.  Does  It  then  follow  that  the  system 

performance  from  multiplex  (MUX)  input  to  MUX  output  is  also 

sal  .factory?  Absolutely  not;  the  MUX  was  not  included  in  this 

test,  and  therefore,  it  could  be  completely  inoperative  or  have 

extreme  intermodulation  problems.  Paragraph  C-4h. (l )d1scusses 

the  calculation  of  S/N  from  NPR  test  results,  but  also  notes 

that  this  only  applies  to  the  equipment  tested  or  that  portion 

of  the  system  tested.  Care  should  be  exercised  in  estimating 

S/N  performance  based  on  NPR  tests.  Consider  another  case 

/ 

wh^re  the  RF  transmitters  and  receivers  are  locally  tested  in  an 
Rr  loopback  configuration.  Are  the  NPR  test  results  applicable 
on  a  link  basis?  Not  necessarily;  there  could  be  serious  problems 
in  the  waveguide  or  antenna  system  that  may  cause  serious  inter- 
modulation  problems  at  the  higher  end  of  the  baseband  spectrum. 
Even  though  these  two  examples  point  out  that  NPR  tests  do  not 
give  a  complete  picture  of  system  noise  performance,  they  can  be 
used  to  provide  a  good  estimate  of  what  can  be  expected.  If 
system  noise  performance  (i.e.  ICN)  does  not  correlate  closely 
to  NPR  results,  RSL  and  BPL,  other  problems  are  Indicated  and 
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further  Investigation  may  be  necessary. 

C-5  BASEBAND  FREQUENCY  RESPONSE 

a.  Link  baseband  frequency  response  tests  are  used  to  determine 
the  frequency  response  characteristics  from  the  transmitter 
modulator  input  to  the  receiver  demodulator  output.  Response 
data  can  be  compared  to  the  manufacturer's  specifications  to 
determine  if  any  abnormalities  exist  for  this  portion  tested. 
Since  circuitry  from  the  transmit  to  the  receive  baseband 
amplifier  is  included,  other  tests  may  be  required  to  detect 
the  faulty  unit, if  abnormalities  exist.  The  NPR/BNR  slot  data 
will  prtylde  some  help  in  isolating  the  fault  as  discussed  in 
Paragraph  C-4.  One  of  the  most  common  problems  is  improper 
voltage  output  from  the  discriminator  which  can  be  verified 
from  a  plot  of  the  discriminator  characteristics. 

b.  Baseband  frequency  response  is  also  useful  in  pin  pointing 
problems  with  the  pre-emphasis  or  de-emphasis  network.  For 
instance,  suppose  the  pre-emphasis  in  the  transmitter  circuits 
Is  functioning,  but  the  receiver  de-emphasis  is  not.  If  this  is 
the  case,  the  baseband  frequency  response  would  have  a  sharp 
upward  slope  as  frequency  Increases.  A  sharp  downward  slope 
would  result  If  the  de-emphasis  Is  functioning  but  the  pre¬ 
emphasis  is  not.  In  most  cases  the  pre-emphasis  and  de-emphasis 
networks  are  not  adjustable  and  require  either  component  or 
complete  circuit  replacement  to  correct  any  problems. 
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FREQUENCY  DEVIATION 

The  amount  of  frequency  deviation  of  the  RF  carrier  deter¬ 
mines  the  amount  of  amplitude  detected  by  the  discriminator  at 
the  distant  receiver.  If  deviation  is  set  too  high,  the 
receive  baseband  levels  will  be  hot  (above  specifications);  if 
deviation  is  set  low,  receive  baseband  levels  will  be  cold. 

The  amount  of  deviation  is  determined  by  equipment  design, 
bandwidth  requirements,  and  channel  loading  which  are  geared  to 
provide  the  best  possible  signal  to  noise  ratio.  The  most 
common  procedure  used  by  TED,  is  the  first  carrier  dropout 
method.  This  method  Is  discussed  in  Appendix  B,B-4.  If  the 
carrier  has  not  completely  dropped  out  when  the  proper 
frequency  and  level  Is  Inserted  into  the  modulator,  the  modu¬ 
lator  sensitivity  may  have  to  be  adjusted  if  determined 
necessary.  The  power  remaining  in  the  carrier  could  present 
distortion  and  non-linearity  within  the  modulator.  In  the  event 
the  carrier  cannot  be  made  to  dropout,  the  klystron  (in  LQS 
systems)  will  most  likely  nee  replacement;  however,  if  there 
are  amplifiers,  multipliers  oi  power  output  stages,  any  of  these 
may  be  defective  which  would  affect  the  dropout.  On  the  AN/FRC- 
109,  the  baseband  transmit  amplifier  unit  has  been  found  to 
cause  a  number  of  problems  with  deviation.  Additionally, 
faulty  tubes,  transistors,  or  circuit  components  may  produce 
noise  that  causes  a  distorted  output  with  modulation  appearing 
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at  points  other  than  those  desired.  If  a  deviation  problem  is 
noted,  each  stage  should  to  be  examined  individually  to  isolate 
and  correct  the  problem. 

C-7  •  RECEIVER  NOISE  FIGURE 

a.  The  thermal  noise  contribution  of  a  device  can  be  expressed 

In  terms  of  a  noise  figure.  Noise  figure  is  defined  as  the 
amount  of  noise  added  by  a  device  as  compared  to  an  ideal  device. 
The  noise  figure  depends  on  the  temperature  and  bandwidth  of  the 
device  being  tested  (temperature  Is  usually  assumed  to  be  290°  k) 
and  In  wideband  system,  the  noise  figure  of  the  receiver  is  the 
limiting  factor  in  noise  performance.  The  noise  figure  of 
multi-stage  amplifiers  is  usually  determined  by  the  first  stage. 
Thus,  if  a  receiver  has  an  RF  amplifier,  it  is  this  device  which 
primarily  governs  the  receiver  noise  figure.  If  there  Is  no  RF 
amplifier,  the  mixer  stage  usually  determines  the  noise  figure 
and  on  LOS  systems  such  as  the  AN/FRC-109,  a  high  noise  figure 
would  most  probably  be  an  indication  of  mixer  problems  (or 
possibly,  but  usually  not  likely  an  IF  problem).  The  measured 
noise  figure  must  be  compared  to  the  manufacturer's  specified 
noise  figure  for  the  equipment  In  order  to  determine  if  a 
problem  exists.  A  deviation  of  1.0  dB  should  be  allowed  for 
measurement  error  and  system  degradation, 
b.  When  considering  a  troposcatter  system,  the  noise  figure  Is 

usually  given  as  an  overall  noise  figure  for  the  receiver.  This 
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Is  a  measure  of  the  noise  figure  from  the  input  terminals  of 
the  receiver  through  the  last  stage  that  would  contribute  to 
the  noise  reading  (the  IF  stage  in  most  cases).  The  overall 
noise  figure  is  equated  to: 

F  =  F-|  +  [2  -  1  +  F3  ~  1  + . +  Fn  ~  ] 

5]  E]  GjT  G]  62  .  T  .  6n-l 

where : 

F  =  the  equivalent  noise  figure 
Fi  ■  the  noise  figure  of  the  first  stage 
F2  c  the  noise  figure  of  the  second  stage 
G]  =  Gain  of  the  first  stage 
G2  =  Gain  of  the  second  stage 
Fn  -  the  noise  figure  of  the  Nth  stage 
Gn  =  the  gain  of  the  Nth  stage 
Before  using  the  above  equation  noise  figures  and  gains 
expressed  in  dB  have  to  be  converted  to  power  gains  as  follows 
F  »  Anti log  FdB 

G  »  Anti log  ®dB 

nr 

As  an  example,  assume  a  receiver  with  the  following 
characteristics: 
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Gpreamp  a  Antllog  20  =  100 
TO 

^preamp  c  Antllog  6*4 
TO 

^cable  *  Antllog  3  »  2 
TO 

Gcable  8  Antllog  -3  =  .5 
TO 

Grf  and  IF  =  Antllog  90  =  1  x  109 

TO 

Frf  and  IF  =  20 
therefore: 

F  c  ci  +  p2  ~  1  +  F3  .  1 

Gi  ~  Gi  g2 

8  4  +  L^l  +  20-1  «  4-39 

HUtr  TOO'x 

Fd0  *  TO  log  F 

f<jB  *  10  log  4.39 

FdB  8  6-42  dB 

Therefore,  the  overall  noise  figure  for  the  example  Is 

6.42  dB.  This  verifies  that  the  major  contributor  to  the  noise 

figure  Is  the  first  stage  of  the  subsystem.  In  this  case,  the 
RF  amp. 

In  some  cases  It  Is  not  possible  to  measure  the  receiver  noise 
figure  and  th.s  can  be  attributed  to  the  waveguide  configuration 
which  does  not  allow  room  for  the  noise  source  to  be  connected; 
or  there  may  be  a  severe  impedance  mismatch  between  the  test 
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equipment  and  receiver  (as  Is  the  case  with  the  AN/FRC-84).  In 
the  latter  case  an  extremely  high  noise  figure  is  usually 
indicative  of  an  impedance  problem, 
d.  In  the  event  the  noise  figure  cannot  be  measured,  it  may  be 
approximated  from  the  quieting  and  IF  data.  Using  the  quieting 
data  the  noise  figure  may  be  calculated  In  the  following  manner: 

(1)  Select  an  RSL  on  the  linear  portion  of  the  quieting 
curve  and  note  the  corresponding  S/N.  (It  is  advisable  to  use 
the  high  slot  data) 

(2)  Assuming  that  the  pre-emphasis  is  functioning  properly, 
use  the  value  of  pre-emphasis  boost  that  is  specified  by  the 
manufacturer  or  that  was  calculated. 


(3)  The  noise  figure  can  now  be  approximated  by  the  follow¬ 
ing  formula: 

NF  «  174  +  RSL  +  20  log  Dp  +ip  .  10  log  2b  -  S/N 
where: 


NF  =  noise  figure  (dB) 

S/N  *  signal -to- thermal  noise  ratio  (dB) 

RSL  =  receive  signal  level  (dBm) 

Op  *  per  channel  peak  deviation  at  zero 
pre-emphasis  (kHz) 

fm  ■  slot  frequency  (kHz) 

Ip  a  pre-emphasis  boost  for  the  slot  involved 

e.  Another  useful  method  that  can  be  used  in  case  some  of  the  above 
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data  (such  as  Ip)  Is  not  available  Is  the  threshold  method. 

The  noise  figure  can  be  approximated  by  using  the  following 
formula: 

NF  =  Tfm  +  164  -  10  log 

where: 

NF  =  noise  figure  (dB) 

Tfm  =  measured  FM  threshold  (dBm) 

Bw  =  measured  IF  bandwidth  (Hz) 

f.  Either  of  the  two  methods  above  will  provide  an  approximate 
noise  figure.  The  value  obtained  In  this  manner  can  then  be 
compared  to  the  manufacturer's  noise  figure  specification  for 
the  equipment  tc  determine  If  a  problem  does  exist.  If  a  high 
noise  figure  Is  found,  the  circuitry  Involved  must  be  considered. 
The  manufacturer's  specification  is  usually  for  the  first 
receiver  stage.  As  already  discussed,  some  systems  have  RF 
amplifiers  while  others  do  not.  As  an  example,  the  noise  figure 
is  measured  from  the  input  of  the  receiver  through  the  IF  stages 
on  the  AN/FRC-109  and  If  a  bad  reading  is  encountered,  either  the 
mixer  or  the  IF  Is  causing  the  problem.  On  tropo  systems 
utilizing  an  RF  amplifier,  this  would  also  have  to  be  Included 

as  a  probable  cause  for  a  bad  noise  figure  reading. 

g.  In  summary,  the  noise  figure  Is  a  figure  of  merit  of  a  receiver 
performance.  The  manufacturer's  specification  refers  to  the 
noise  contribution  of  the  first  stage,  however,  If  the  receiver 


035 


CCP *702-1 

noise  figure  Is  bad,  all  stages  Involyed  in  themejsirement 
should  beconslderedasa  possible  cause.  If  nol.se  flgure 
measurements  cannot  be  accomplished,  an  approximation  of  the 
receiver  noise  figure  can  be  arrived  at  through  the, (re1  ationsMp 
between  noise  figure,  threshold,  and  IF  bandwidth,.  . 

C-8  QUIETING  CURVES 

a.  The  receiver  quieting  .curves  provide a  great  deal  oi  inf 
tlon  about  receiver  performance.  The  20  dB  quietiug.poipt. 
generally  provides:  information; on  the,  receiver, sensitivity.  The 
receiver  FM  threshold  which  can,  be  directly  extrapolated  from 
the- curves,  provides .-a  cursory ^examination  of  the  noise  figure 
and  IF  bandwidth  performance.,  The  most-important,  aspect, 
however,  is  the  thermal,  noise  contribution  of  the  receiver  which 
can  be  determined  from  the  quieting  curves. 

b.  FM  threshold  Is  one  of  the  more  important  parameters,  obtained 
from  the  quieting  curves*  This  is  accomplished  by  drawing  a 
tangent  to  the  high  noise  slot  curve  as  shown  in  Figure  c-21. 
The, point  where  the  tangent  devi ates  from  the  curve  by  1  dC  is 
the  FM  threshold  point.  A, second  method  is  to  find  the  RSI 
corresponding  to.  the  20  dB  qu.1et.1ng  point,  and  Increasing  this 
value  by  4  dB.  This  value.  Is  to  be  collared  to  the  specified 
or  calculated  value  of  the  receiver  FM  threshold.  Any  deviation 
of  more  than  1  dB  should  be  Investigated.  Since. the  calculated 
or  specified  value  of  FM  threshold  Is  based  on  Ideal  IF 
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bandwidth  and  noise  figure,,  an  expected  value  should  be 
calculated  and  compared  to  the -measured (value.  This  is 
accomplished  by  using  the  formula  shown  below  arid  replacing,  the 
ideal  values  with  the  actual  measured  values. 

Expected  I'M  Threshold  -  -164  +  10  log  Bw  +  NF 

where: 

Bw  -  measured  IF  bandwiuth  (Hz) 

NF  =  measured  noise  figure 

The  value  obtained  in  this  manner  will  provide  a  general 
idea  of  what  to  expect  if  the  IF  bandwidth  or  noise  figure  is 
other  than  that  specified  for  the  system. 

If  FM  threshold  is  found  to  be  greater  then  the  calculated  value, 
indications  are  that  a  higher  noise  figure,  a  larger  IF  band¬ 
width  or  a  combimtion  of  both  exists.  A  decrease  in  threshold 
level  from  the  norm  would  reflect  reverse  conditions.  In  most 
cases  it  has  been  found  that  variations  in  the  IF  bandwidth 
account  for  major  changes  noted  in  the  threshold  point.  The 
change  in  IF  bandwidth  referred  to  is  the  logarithmic  change, 
i.e., 

Change  in  Threshold  (dB)  =  10  log  Measured  IF  Bandwidth 

Predicted  IP  Bandwidth 

As  an  example,  assume  a  receiver  has  a  predicted  NF  value  of 
9  dB  and  the  value  measured  is  10  dB.  In  this  case  the  thresh¬ 
old  must  be  adjusted  upward  by  1  dB.  Further,  assume  a 
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predicted  I F  bandwidth  of.  20  MHz  and  a  measured  value  pf  18;  MHz. 
The  predicted  threshold! will  also  have,  to  be  adjusted :  by  the 
following  factor: 

Change  In. threshold  (dB)  »  10  log  Measured  IF  Bandwidth 

-  10  log: 

■  -0.46  dB 

Due  to  the  change  In  IF  bandwidth,  the  threshold:  will;  have 

» 

to  be  adjusted  downward1  by  0.46  dB.  If  the  predicted  threshold 
(based  on  the' Ideal  values)  Is- -8T  dBm,  then  the  expected  value 
(based  on  measured  values)  would  be 

Expected  RSI  at  Threshold  *  -81  +  1  -  0.46 

8  -80.46  dBm 

d.  It  should  be  noted  that  system  loading,  deviation,  and  proper 
operation  of  the  pre-emphasis  and  de-emphasis  circuits  only 
affect  the  value  of  S/N  above  threshold  and  not  the  RSL  at 
threshold.  Therefore,  only  IF  bandwidth,  noise  figure,  and 
possible  errors  Introduced  by  the  signal  generator  used  to 
perform  the  measurements  need  be  considered  as  problem  areas  If 
the  threshold  does  not  occur  at  the  required  RSL. 

e,  A  second  parameter  derived  from  the  quieting  curves  Is  the  20  dB 
quieting  point.  The  20  dB  quieting  Is  a  measure  of  FM  receiver 
sensitivity.  This  Is  one  of  the  best  ways  of  checking  receiver 
sensitivity  because  It  Is  easily  obtained  from  the  quieting 
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curves  and  directly  reflects  receiver  performance  from  input 
to  output  terminals. 

f.  Sensitivity  of  a  receiver  as  measured  by  the  20  dB  method  is 
determined  mainly  by  three  parameters:  (l)  noise  figure, 

(2)  IF  bandwidth,  and  (3)  effectiveness  of  limiters.  The 
effectiveness  of  the  limiters  can  be  considered  to  have  been 
optimized  in  equipment  design  and  to  be  uniform  from  one 
receiver  to  another  of  the  same  type.  Therefore,  it  can  be 
eliminated  in  considering  the  20  dB  quieting  point.  Figure  C-22 
shows  the  empirical  relationship  between  20  dB  quieting,  noise 
figure  and  receiver  noise  bandwidth.  It  is  based  primarily  on 
experimental  data  obtained  on  REL  receivers.  Because  of  the 
many  factors  influencing  the  value  of  the  20  dB  quieting,  the 
curves  of  Figure  C-22  should  not  be  regarded  as  an  absolute  or 
mathematical  relationship.  The  approximate  accuracy  is  believed 
to  be  +2  dB  when  applied  to  high  quality  receivers,  however, 
identical  receivers  should  measure  relative  to  each  other  +1  dB. 
The  curves  can  be  used  to  provide  the  technicians  and  engineers 
with  an  approximation  of  where  the  20  dB  quieting  point  should 
occur  during  normal  quieting  measurements.  If  the  measured  20  dB 
quieting  point  deviates  by  4  dB  or  more  from  the  approximation, 
an  investigation  should  be  made  to  determine  the  reason  for 
departure  from  the  norm. 

g.  The  20  dB  quieting  point  is  obtained  from  the  quieting  curves 
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by  finding  the  point  on  the  curve;  where  the  S/N  has  increased 
by  20  <JB  f;rom  Lh«*  noise  saturated  portion  of  the  curve.  The  RSL 

;.t.  thir.  point  is  the  value  that  should  bo  recorded  for  the  20  dB 

s  '  * 

quieting  point.  The  high  slot  should  be  used  for  determining 
the  RF.L  at  20  dh  quieting.  The  value*  obtained  in  this  manner 

*  t'  *  '  * 

should  be  compared  to  the  approximated  Value  from  the  curves  of 
figure  C-22  to  determine  if  possible  IF*  noise  figure,  or  limiter 
problems  exist.  If  a  problemdoes  exist,  each  Individual,  source 
will  have  to  be  Investigated. 

h.  The  third  parameter  obtained  from  the  quieting  curves  Is  the 
thermal  noise  contribution  of  the  receivers  at  the  median 
operating  RSL.  The  thermal  noise  In  a  particular  noise  slot  can 
be  obtained  by  finding  the  median  RSL  recorded  during  the  link 
NPR  tests  on  the  quieting  curves.  Trie  noise  corresponding  to 
this  RSL  is  the  receiver  thermal  and  Intrinsic  noise  contribution 
for  that  particular  noise  slot.  The  particular  slot  noise  should 
compare  closely  with  the  link  BNR  for  this  given  slot  (after  the 
BNR  has  been  converted  to  dBmO).  The  link  BNR  should  show 
slightly  more  noise  (per  slot)  than  the  quieting  data  since  It 
includes  small  amounts  of  transmitter  and  multipath  noise. 

f  However,  the  receiver  noise  will  usually  be  predominate  and  the 

1. 

i,  additional  Items. may  only  add  a  couple  tenths  of  a  dB  If  every- 

i 

thing  Is  functioning  correctly.  In  no  case  will  the  BNR  noise 
s'  be  less  than  the  noise  quieting  data  unless  a  noisy  signal 
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generator  was  used  to  perform  the  quieting  curves  (one  dB  of 
tolerance  should  be  allowed  for  measurement  accuracy) .  1;  the 

BNR  noise  exceeds  2  dB,  a  check  should  he  made  on  the  :■  cn.-«.. . 
of  the  median  RSL  recorded  during  the  NPR/BNR  tests,  if  the  r.S! 
is  correct,  it  is  most  likely  that  the  difference  is  due  l:> 
excessive  noise  generated  by  the  transmitter  (especially  on 
links).  Probably  the  greatest  valve  of  tne  auie+inn 
a  confirmation  of  a  thermal  noise  problem  indicates  by  oner  rf!w 
readings.  If  this  situation  occurs  and  the  quieting  cunn  s  il»«v 
that  no  excessive  thermal  noise  is  present,  the  receive 
circuitry  may  be  eliminated  as  the  cause  of  the  orobUm,. 

IF  FREQUFNCY  RESPONSE 

Since  the  IF  bandwidth  is  usually  the  determining  f-.ctor  ol 
receiver  noise  bandwidth,  it  is  important  that  the  mea'-,  f-,«  • 
be  as  accurate  as  possible.  The  FM  threshold  of  a  recen-.r  \> 
controlled  by  the  IF  bandwidtf  (the  smaller  the  IF  bar.-iwv.jth  fu?. 
lower  the  FK  threshold).  If  the  threshold  measured  from  the 
quieting  curves  does  not  meet  the  equipment  specification,  the 
IF  data  should  be  examined  to  determine  if  it  is  the  major  cause 
of  problem.  Moveover,  if  the  IF  bandwidth  is  too  narrow, 
intermoduiation  noise  will  tend  to  increase  due  to  sideband 
distortion. 

Some  items  that  should  be  closely  examined  in  the  IF  data 


are  as  follows: 
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(1 )  The  3  dB  IF  bandwidth  should  be  as  close  as  possible  to 
that  specified  by  the  Equipment  Technical  Manual . 

(2)  The  3  dB  points  should  be  equl spaced  from  the  IF  center 

frequency. 

£ 

(3)  No  spurious  oscillations  should  be  noted. 

(4)  Response  ripple  should  be  at  a  minimum. 

If  the  above  statements  prove  to  be  true  for  the  data,  the 
IF  strip  should  not  be  a  cause  of  any  problems, 
b.  When  performing  measurements!  several  factors  must  be  observed 
to  assure  that  the  data  Is  accurate.  These  are: 

(1 )  Close  checks  should  be  made  for  Impedance  mismatch  to 
prevent  distortion. 

(2)  Insure  that  test  points  are  properly  terminated  when 
performing  the  test. 

(3)  Use  the  minimum  sweep#necessary  for  an  adequate  display* 
This  should  prevent  spurious  Inputs  to  the  IF  and  provide  a 
convenient  display  on  the  oscilloscope. 

(4)  Assure  that  the  ABC  voltage  Is  not  varying. 

-10  DISCRIMINATOR  DATA 

Probably  the  most  Important  Information  obtained  from  the 
discriminator  data  Is  the  range  of  linearity.  If  the  curves 
are  not  linear  between  the  IF  3  dB  points,  distortion  could 
result  and  an  Increase  In  Intermodulatlon  noise  may  be  noticed. 
No  single  component  In  the  receiver  affects  baseband  response 
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and  intermodular  on' more  than  the  discriminator.  The  most 
important  factors  that  should  be  observed  from  the  discriminator- 
curves  are  as  follows: 

a.  The  discriminator  curve  should  be  linear  at  least  over 
the  range  of  the  IF  3  dB  bandwidth.  (FigureC  -23  and  C -24). 

b.  The  zero  voltage  crossover  point  for  the  discriminator 
curve  should  be  at  the  IF  center  frequency.  The  exact  affects 
if  not  centered  will  depend  on  equipment  design  and  when  this 
condition  exists,  the  equipment  manual  should  be  consulted. 

If  the  above  factors  are  verified  by  the  data,  Intermodulation 
distortion  and  baseband  frequency  response  will  be  normal 
(unless  other  problems  exist). 

C-ll  DC  CONTROL  VOLTAGE 

DC  control  voltage  is  a  very  important  measurement  on  tropo 
systems  utilizing  maximal  ratio  combining.  This  voltage, 
derived  from  individual  receiver  noise  characteristics,  assures 
that  proper  combining  action  is  taking  place.  A  curve  similar 
to  the  one  shown  in  Figure  C- 25  should  be  expected  although  the 
voltage  levels  will  vary  for  different  types  of  equipment. 

Two  Important  factors  should  be  observed  from  the  curves: 

a.  The  DC  control  voltage  at  a  particular  RSL  should  be 
nearly  the  same  for  all  receivers  (of  the  same  type).  This 
assures  proper  comoiner  balance. 

b.  The  RSL  at  which  the  curve  levels  (control  voltage 
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becomes  constant  as  RSL  Increases)*’ should;  be  approximately  the 
same  for  all.  receivers  and  should  occur  at  a  relatively  high 
(more  positive)  RSL.  The  maximal  ra„tio  combiner  begins  to 
function  as  an  equal  gain  combiner  when  the  DC  control  voltage 
becomes  constant.  It  Is  for  this  reason  that  the  DC  control 
voltage  will  vary  to  as  high  an  RSL  as  possible.  For  most 
receivers  the  DC  voltage  becomes  constant  between  an  RSL  of  -45 
dBm  and  -60  dBm. 

If  the  above  two  conditions  are  met,  proper  combining  should 
take  place  providing  there  are  no  problems  within  the  combiner 
circuitry. 

C-W  ANALYSIS  OF  AUDIO  TEST  RESULTS 

If  the  radio  subsystem  has  been  cleared  as  a  source  of 
problems,  the  audio  series  tests  should  provide  further  Informa¬ 
tion  as  to  an  appropriate  solution.  In  most  cases  the  effects 
of  out  of  specification  data  is  evident.  However,  each  of  the 
tests  will  be  discussed  briefly  with  emphasis  placed  on  a  few  of 
the  tests  whose  results  may  require  clarification  and/or  Inter¬ 
pretation.  Comments  for  each  test  should  be  provided  on  the 

cover  sheet  (G-l),  where  applicable,  and  should  Include 

» 

comparison  results  of  the  test  data  to  the  manufacturer's  and/or 
MIL-STD  specifications. 

Frequency  response,  delay  distortion,  and  impulse  noise 
tests  must  be  performed  on  Identical  channels  at  both  ends  of 
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the  link,  in  order  to  obtain  a  more  meaningful  correlation  of 
those  parameters  within  the  system. 

1  -  1  kHz  TEST  TONE  LEVEL 

a.  rhis  test  is  used  to  measure  and  evaluate  the  voice 
frequency  channel  s icjivl  level  character!  »U«. s  thr-i-Kjlj  Mu 
radio,  multiplex  and  in-station  equipment.  If  the  measu.  wi.: 
are  not  within  the  specified  equipment  tolerance,  corrective 
action  should  be  taken  during  the  preliminary  evaluation  f ' 
insure  the  final  data  is  accurate.  Test  tone  levels  that 

the  prescribed  level  throughout  the  system  may  result  in  ovo- 
loading  of  the  baseband  such  that  additional  intermodulation 
products  are  created.  In  some  cases  the  hot  levels  will  also 
cause  adjacent  channel  crosstalk  and  degradation  of  the 
subscriber  service. 

b.  In  some  equipment,  provisions  have  not  been  incorporated  lor 
adjusting  the  group  and  supergroup  levels.  In  this  case,  only 
the  channel  and  baseband  levels  can  be  adjusted  to  the  proper 
level.  If  these  adjustments  do  not  correct  the  level  disparity 
at  the  group  and  supergroup  test  points,  trouble  shooting  of  the 
individual  circuits  may  be  necessary  to  isolate  the  problem. 

In  most  cases,  this  particular  situation  would  be  indicative 
that  changes  in  component  values  have  occurred. 

C- 14  IDLE  CHANNEL  NOISE 

a.  This  test  measures  and  evaluates  the  degree  of  interference  and 
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noise  introduced  into  a  VF  channel.  This  parameter  and  its 
affect  on  system  performance  as  related  to  the  radio ^equipment 
and  path  have  been  discussed  previously.,  Additional  noise 
contributions  and  Isolation  procedures  are  discussed  below* 

b.  Some  major  contributors  to  a  high  noise  level  in  the  channels  are; 

t 

in-station  wiring,  carrier  leak,  Improper  or  Ineffective  ground¬ 
ing  systems  and.  unbalanced  power  distribution  systems.  In  the 
event  the  measured  ICN  departs  from  the  predicted  value  by  more 
than  2  or  3  dB,  it  will  be  necessary  to  investigate  any  or  all 
of  the  contributing  factors  to  Isolate  and  correct  the  problem. 

c.  The  first  stage  In  Isolation  Is  to  measure  the  ICN  at  the 
multiplex  to  eliminate  any  noise  being  Induced  by  station 
equipment.  Once  this  has  been  accomplished,  the  noise  should  be 
measured  from  the  multiplex  line  jacks  to  the  primary  patch 
panel.  This  will  provide  an  Indication  of  the  noise  level  being 
Introduced  by  In-house  wiring.  Additional  measurements  can  be 
performed  from  the  primary  patch  panel  toward  the  subscriber  If 
the  outside  cable  plant  Is  suspected  of  Introducing  excessive 
noise  Into  the  radio  system. 

d.  When  a  difference  of  2  dB  or  more  exists  between  ICN  measure¬ 
ments  obtained  using  flat  as  opposed  to  C-message  weighting, 
alternating  currents  (AC)  or  Interference  is  generally  Indicated. 
The  AC  usually  results  from  Improper*  grounding  or  induction 
while  the  interference  can  most  probably  be  attributed  to 
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carrier  leak,  extraneous  signals  such  as  broadcast  stations, 
mixing  of  signals  which  results  in  unwanted  components  falling 
into  the  VF  spectrum.  The  first  step  in  isolating,  these 
interfering  components  is  by  sweeping  the  VF  channel  bandwidth 
with  a  wave  analyzer.  In  some  cases  audio  detection  will  be 
useful  in  determining  the  type  of  signal  being  introduced  into 
the  systems. 

The  data  recorded  during  test  T-4  should  also  be  compared  to 
the  ICN's  recorded  under  test  T-l.  This  comparison  will  provide 
a  correlation  of  the  median  ICN  to  the  predicted  value  and  an 
average  of  all  channel  measurements  should  approximate  the 
recorded  median. 

CHANNEL  IMPULSE  NOISE 

The  purpose  of  the  channel  impulse  noise  test  is  to  measure 
and  evaluate  the  degree  of  interference  being  introduced  into 
a  VF  channel  by  random  impulse  noise  hits.  Impulse  noise  can  be 
introduced  into  a  VF  channel  at  any  point  in  a  system.  It  can 
be  generated  in  the  equipment  itself,  induced  from  power  lines 
or  generated  in  the  enviroment  and  radiated  into  the  station. 
Excessive  impulse  noise  can  have  a  detrimental  effect  on 
teletype  and  data  circuits.  If  excessive  impulse  noise  is 
measured  during  the  evaluation,  isolation  procedures  should  be 
initiated.  On  tandem  hop  links,  the  circuit  exhibiting  the 
impulse  noise  should  be  terminated  at  the  transmit  end  and 
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Impulse  noise  tests  performed  on  sucessive  links  until  the 
problem  has  been  isolated  to  a  particular  link.  Once  the 

i  '  ’ 

*  * 

\  problem; link  has  been  identified,  the  transmit  end  on  that  link 

should  be  terminated  and  impulse  noise  measurements  performed 
i  .  ' 

|  at  the  receive  end  of  the  link  bn  that  particular  channel .  Once 

|  this  has  been  accomplished,  measurements  should  be  performed  at 

the  group,  supergroup,  or  baseband  of  the  equipment  in  an  effort 

;  to  isolate  the  problem  to  the  multiplex  or  radio  path. 

b.  The  above  Isolation  procedures  are  helpful  only  in  isolating  the 
source  of  the  Impulse  noise  and  verifying  whether  the  radio, 
multiplex  and  path  are  the  cause  of  the  problem.  Once  these 
have  been  eliminated  as  a  potentiaHaoorce,  It  may  be  necessary 
to  perform  additional  in-house  tests  to  determine  the  specific 

1  cause  of  the  impulse  noise.  The  isolation  process  must  consider 

j  all  those  factors  listed  In  Paragraph  C-14  above  to  Include 

verification  that  the  Instrumentation  Is  not  being  affected  by 
the  test  connections. 

c.  After  the  in-station  equipment  has  been  corrected  to  minimize 

|  the  impulse  no1se,over  the  path  impulse  noise  should  be  recorded 

^  on  a  long  term  basis  during  test  T-l.  Information  from  these 

recordings  should  be  analyzed  in  relation  to  the  RSL  and  base¬ 
band  loading  to  determine  if  normal  traffic  loading  is  Influenc¬ 
ing  the  level  of  impulse  noise.  A  close  examination  of  the 
baseband  loading  and  RSL,  time  correlated  to  the  impulse  noise 
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recording  will  provide  an  indication  if  intermodulation  products 

f 

are  influencing  the  impulse  noise  during  oonmal  traffic  loading> 
,16  CHANNEL  INTELLIGIBLE  CROSSTALK 

a.  The  purpose  of  this  test  is  to  measure  the  total  amount  of 
crosstalk  within  a  voice  channel  from  all  sources  and  assess  its 
impact  on  normal  communications.  Whenever  crosstalk  is  measured 
in  a  VF  channel  or  emanating  within  station  equipment,  the  test 
results  must  be  anal  ad  and  compared  to  the  manufacturer's 
specifications  and  the  MIL-STD. 

b.  Intelligible  crosstalk  may  be  caused  by  an  impedance  mismatch 
in  the  circuit  or  capacitive  and  inductive  coupling  between 
disturbing  and  disturbed  channel.  These  conditions  can  occur 
at  any  point  in  a  communications  system,  particularly  in  the 
distribution  frames,  wiring  and  cabling,  crosstalk  can  also 
result  from  improper  filtering  within  the  multiplex  and  mal¬ 
adjusted  channel  levels. 

c.  One  of  the  first  steps  during  the  preliminary  evaluation  of  a 
system  or  station  is  to  isolate  where  the  crosstalk  is  entering 
the  network.  To  accomplish  this,  measurements  may.  have  to  be 
performed  between  the  various  test  points  (TP-1  through  TP-12). 
Once  isolated  to  high  levels,  improper  filtering,  wiring  or 
cabling,  the  team  chief  can  then  determine  the  course  of  action 
necessary  to  correct  any  levels  that  failed  to  meet 
specifications. 
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d.  To  obtain  accurate  crosstalk  measurements,  considerable  attention 
to  details  Is  required.  Particular  care  must  be  exercised  to 
Insure  the  adequacy  of  the  grounds,  effectiveness  of  the  shield- 
,  ing,  and  correctness  of  terminations  in  order  to  avoid- gro  ind 

i' ' 

loops  and  to  Insure  that  the  measured  data  Is  accurate. 

•(•-17  VOItE  CHANNEL  FREQUENCY  RESPONSE 

a.  The  VF  frequency  response  test,  also  referred  to  as  an 
Insertion  loss  and  amplitude  versus  frequency  distortion  test, 
may  be  performed  on  any  VF  transmission  path.  Its  purpose  is 
to  measure  the  amount  of  attenuation  incurred  by  the  path  at 
various  frequencies  wlthfn  the  audio  spectrum.  This  test  basic¬ 
ally  measures  the  level  of  a  received  test  signal  at  each  of 
the  VF  frequencies  of  Interest.  The  loss  at  each  frequency 

Is  then  compared  to  the  loss  at  1  kHz  to  determine  the  frequency 
response  of  the  channel  under  test. 

b.  The  results  of  the  frequency  response  tests  are  used  to  deter¬ 
mine  If  the  VF  channel  equipment  is  operating  properly.  In 
the  event  the  circuit  under  test  has  equalizers  or  ringing 
equipment  Installed*  the  test  must  be  performed  ahead  of  these 
units.  A  separate  test  can  be  used  to  determine  If  the  equal¬ 
izers  are  operating  properly. 

c.  Figure  c-26  shows  the  data  from  a  typical  frequency  response 
test.  The  figures  entered  In  the  channel  columns  represent 


the  deviation  of  the  test  signal  at  the  Indicated  frequencies 
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from  the  1  kHz  test  tone  reference;  The  test  results  are  then 
compared  to  the  equipment  specifications  to  ascertain  if  the 
systems  are  meeting  the  minimum  manufacturer's  specifications. 
The  analysis  should  also  include  a  comparison  of  the  measured 
data  to  the  applicable  MIL-STD.  The  accepted  standards  are 
listed  as  ranges  of  permissible  losses  over  a  specified 
frequency  range.  This  is  shown  in  Figure  £- 27,' 

• ' ft  VOICE  CHANNEL  ENVELOPE  DELAY  DISTORTION 

it.  The  purpose  of  this  test  is  to  determine  the  relative  trans¬ 

mit  time  of  the  frequencies  between  250  Hz  to  3400  Hz.  This  is 
accomplished  by  determining  which  frequency  in  the  audio 
spectrum  arrives  first,  and  comparing  the  arrival  time  of  other 
selected  frequencies  to  that  of  the  fastest  one.  In  this  way, 
while  the  absolute  delay  (the  actual  transmit  time  from  send  to 
receive)  is  not  determined,  the  time  differential  across  the 
receive  audio  path  is  measured. 

h.  The  results  of  the  delay  measurements  are  to  determine  whether 
the  multiplex  equipment  on  the  path  is  operating  properly  and 
to  ascertain  if  external  equalizers  are  necessary  to  meet 
circuit  parameters.  When  delay  equalizers  are  installed,  the 
test  must  be  performed  before  or  after  the  equalizers  to 
determine  whether  the  equalizers  are  properly  adjusted, 
c.  The  envelope  delay  data  sheet  shown  in  Figure  C-28  reflects  the 
results  of  a  typical  evaluation  for  this  parameter.  The  data 
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trow  this  worksheet  has  been  transcribed  In  Figure  c-29  to 
graphically  depict  the  test  results;  The  worksheet  shown  In 
Figure  c-28  Is  normally  used  when  the  measurements  are  made 
the  manual  mode.  This  form  is  not  necessary  when. using  th** 
automatic  sweep  feature  of  the  delay  measuring  set,  howev*-  if 
the  manual  mode  Is  used,  the  data  must  be  plotted  on  the 
shown  In  Figure  C-29. 

d.  The  left  column  in  Figure  c-28  represents  the  frequencies  r„ 
which  each  measurement  was  performed.  The  next  column  rrrn-vont . 
the  relative  delay  in  microseconds  compared  to  the  reference 
frequency  of  1800  Hz.  In  some  cases  It  may  be  deslreabie  to 
enter  In  the  worksheet  (Figure  c-28)  the  actual  reading*.  «*.-Vf 
from  the  delay  measuring  set  In  one  column  of  the  workshop  *rA 
entering  the  computed  relative  delay  In  an  adjacent  coluem. 

This  Is  shown  In  Figure  C-28  for  clarification  and’ the  reaoiny* 

In  the  last  column  have  been  substracted  from  the  first  column 
to  obtain  the  relative  delay. 

e.  Comparison  of  the  measurements  to  the  applicable  standards  is 
easily  seen  when  plotted  on  a  graph  as  shown  In  Figure  C-29.  On 
this  graph,  the  measurements  from  Figure  C -20  have  been  plotted 
along  with  the  standard  which  readily  shows  whether  the  measured 
channel  was  or  was  not  within  the  prescribed  standards. 

C-1S  VOICE  CHANNEL  PHASE  JITTER 

a.  This  test  Is  used  to  measure  the  Incremental  changes  In  the 
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phase  pf  a  single; frequency;  transmitted  on-  a  A/F  path.  Since 
phase  jitter  has  little  inpact  oh  voice  communications, 
minimum  attention  has  been  given  to  this  parameter  during 
earlier  evalutions.  Today,  with  the  increasing  use  of  high 
speed  data  circuits,,  phase  jitter  has  become  one  of  the  primary 
indicators  of  measuring  system  performance.  As  transmission 
speeds  increase,  data  pulses  become  narrower  with  extremely 
short  time  intervals  between  pulses.  As  this  happens,  it  is 
possible  that  the  jitter  would  be  seen  as  a  pulse  by  the 
receiving  equipment  and  result  in  message  errors.  This  situa¬ 
tion  Is  highly  undesirable  and  could  have  serious  consequences 
considering  the  importance  of  the  transmitted  message. 

Phase  jitter  on  data  transmissions  systems  can  be  defined  as 
an  unwanted  change  in  the  phase  or  frequency  of  the  transmitted 
signal  due  to  modulation  products  from  another  system  or 
source.  The  modulation  process  that  causes  phase  jitter  may  be 
either  phase  or  frequency  modulation  depending  on  the  source 
which  is  generally  in  the  terminal  equipment  and  not  generated 
on  the  line.  In  multiplex  units,  phase  jitter  results  from 
Incidental  phase  modulation  of  the  oscillators  used  for 
translation  of  the  signals  within  the  channel  to  a  different 
part  of  the  spectrum  for  transmission.  This  incidental 
modulation  is  caused  by  noise  and  line  related,  ripple  on  office 
batteries  and  on  power  and  bias  supplies,  and  within  timing 
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circuits  of  FDM  systems.  This  modulation  is  transferred  to  the 
multiplex  signal  during  frequency  translations  and  generally, 
the  greater  the  number  of  translations,  the  greater  the*  ph.tst 
jitter.  Therefore,  the  siqnals  transmitted  over  channels  in  the 
higher  supergroups  have  the  most  phase  jitter. 

Measurements  have  Indicated  that  for  long  haul,  multi-link 
systems,  the  most  serious  components  of  Incidental  ph>*e  modula¬ 
tion  are  power  line  related,  both  as  harmonics  of  the  line 
frequency  as  well  as  fractions  of  the  line  frequencies.  Phase 
jitter  most  commonly  occurs  at  rates  related  to  power  line 
frequency  (60  Hz)  and  its  harmonics  and  submultiplrx,  the 
telephone  ringing  frequency  and  the  Interaction  between  the  two 
sources.  If  excessive  phase  jitter  Is  measured  during  an 
evaluation,  the  sources  discussed  above  should  be  investigated. 
Additional  tutorial  information  of  this  parameter  and  its 
relationship  to  transmission  systems  is  contained  in  Appendix  f  , 
Section  IX  of  this  document. 

CHANNEL  HARMONIC  DISTORTION 

The  purpose  of  the  harmonic  distortion  test  is  to  determine 
whether  any  appreciable  non-linearities  exist  within  the 
equipment  during  the  evaluation.  The  non-linear  operation  of 
amplifiers,  filters,  channel  modulators,  group  modulators,  etc., 
can  all  contribute  harmonic  distortion  and  result  in  degraded 
service. 
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Should  the  harmonic  distortion  measured  during  an  evaluation 
exceed  the  equipment  specifications,  an  investigation  should  be 
accomplished  to  determine  what  component(s)  is  causing  the 
problem.  From  past  experience,  it  has  been  found  that  the 
primary  cause  for  high  harmonic  distortion  was  attributed  to  the 
channel  modulators  and  demodulators.  In  any  case  high  levels  of 
harmonic  distortion  could  influence  the  idle  channel  noise 
readings  taken  during  test  T-8. 

Analysis  of  the  test  data  must  include  a  comparison  of  the 
measured  results  with  the  equipment  specifications  and  the  applic 
able  MIL-STD.  Moreover,  a  conclusion  must  be  drawn  as  to  the 
capability  of  the  equipment  to  meet  specifications  and,  whenever 
possible,  a  concise  description  of  the  problem  along  with 
recommended  corrective  action  should  be  documented. 

VOICE  FREQUENCY  TRANSLATION 

This  test  will  determine  whether  there  is  a  frequency  error 
present  in  any  of  th®  carrier  frequency  oscillators  of  the 
multiplex  equipment.  If  a  carrier  oscillator  is  off  frequency, 
the  received  signal  will  also  be  shifted  in  frequency.  Small 
errors  of  a  few  hertz  are  not  noticeable  on  normal  voice 
circuits  but  digital  transmissions  are  extremely  sensitive  to 
any  frequency  errors. 

The  send  frequency'  and  received  frequency  are  compared  and  the 
difference  is  stated  as  the  frequency  translation  or  change  in 


055 


CCi»  702-1 


audio  frequency.  This  amount  In  hertz  Is  compared  to  the 
"maximum  allowable  change,  in  audio  frequency"  criteria  for  the 
circuit.  Should  the  measurement  exceed  'the’  app.lieabld'i'Mn-STD, 
it  will  be  necessary  to  measure  !ahd:.ad3ufct<-tbe'master  oscillator 
frequency  on  all  f,ii.1t1plex  equipment- on: the  1,1  nk/sys  tern. 

C- 22  STRIP  CHART  RECORDINGS  (T-l)  "  . 

a.  The  strip-, j chart irquordiings  provide  .the  most  valuable  data  on 

which,  to  base  aa  ;''dynami  oil  .analyses .  oft  system:  performance .  The 
t1me..cor;rqlMed;iifP!u’«^ings  will  show  the  performance  of  a 
system  -unde?  %c.1jaa>,fftpanat!i  ngucoildii^  *cu  fWs  tbd  s  tneeson  they 

are  an  1mpq^tjap,t  ^uhpl^^iooti^g^'d  to  4*e  (taamsr. during  the 
evaluation.  The  chart  recordings  provide  read : time. data  to  the 
test  teams  which  .Qfth^be  used^<when'.iii^erT^raRipygfdj;^  solve 
problems -o^„thja,^tjau, 4??.  .an  expeditious, fanner, Ihe+  recordings , 
however,  must  include  appropr1ate..r.emarksMwhen  a.discontinuity 
or  anomaly  is  noted  in  the  data.  These,  notations  must  be 
entered  at  the  time  of  occurrance,  otherwise,  It  may  be 
Impossible  to  determine  the  cause  of  the  anomaly. 

b.  As  stated  in  the  previous  paragraph,  the  strip  charts  are  a 
valuable  aid  in  determining  a  system's  operating  performance. 
Therefore,  care  must  be  exercised  to  insure  that  all  required 
data  is  entered  on  the  strip  charts.  As  a  minimum!,  the  charts 
are  to  be  conspicuously  marked  with  the  link  number,  station 
name,  date,  time  (ZULU),  and  calibration  for  each  parameter 
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being  recorded.  The  calibration  should  be  verified  on  a  daily 
basis  and  new  calibration  chart  prepared  whenever  necessary. 

c.  Preliminary  analysis  of  the  record.jtngs-. must,  be  on  a  real  time 

basis  if  maximum.  bp£p^|^,tOj,be  .neaUzed  from  the  data.'  In 
this  respect,  a. -time,  .date  andcthe 

initials  of  the  individual  §pne|^tiRg,;.tbp,  charts;, at  least  every 
eight  hours,  preferably  every,, four  ftour>f  Due  to  the  minor  speea 
differences  between  recorders,  coordination  of* the'  time  marks 
must  be  accomplished  between  the  stations  bMngUfeG&lual&f.''  ■ 

d.  The  method  of  analyzing  the  strip  chart  data  mays  vary- if  om  team 
to  ;teair\n however o#er.tsi.nent . data  on  the  link  perfortfiahte’-must  be 
includeckdiivfthe  wepxnflfef.  To  achieve  this  objective,  it  must  be 
kept  in  mind  that  the  required  recordings  are:  (1)  receive 
signal  level.,  (2)  idle  Channel  noise,  (3)  baseband  loading, 

(4)  phase  jitter  and  hits,  (5)  test  tone  stability.  If  it  is 
not  possible  to  record- these- parameters  simultaneously,  the 
order  of  priorities  should  follow  that  above.  Since  combined  RSL 
recordings  cannot  be  accomplished  in  rhost  cases,  the  RSL  of  both 
receivers  on  an  LOS  system  and  at  least  three  receivers  on  a 
tropo  system  will  be  recorded  simultaneously  on  both  ends  of  the 
link.  The  minimum  continuous  recording  period  for  all  parameters 
is  72  hours,  additional  recordings  may  be  performed  when  deemed 
necessary  by  the  team  chief. 

e.  The  first  step  in  the  reduction  of  the  strip  chart  data  is  to 
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scale  the  charts  into  20  minute  intervals.  This  is  considered 
the  minimum  number  of  intervals  for  72  hours  of  recordings  when 
operating  the  recorder  at  5  mm/min.  On  tropo  systems  and  some 
LOS  systems  it  may  be  necessary  to  operate  the  recorders  at  a 
higher  speed  such  as  25  mm/min  in  order  to  obtain  accurate 
medians  of  the  recorded  parameters.  In  this  case  the  minimum 
interval  will  be  5  minute  medians.  It  is  essential  that  the 
recorders  at  both  ends  of  the  link  be  operated  at  the  same  speed 
if  any  reasonable  correlation  is  to  be  obtained  without  consider¬ 
able  effort  in  the  analysis  process. 

f.  Several  methods  are  available  for  determining  the  median  value 
of  the  recorded  data,  however,  within  limitations,  the  two  most 
accurate  methods  are:  (1)  The  placing  of  a  string  or  straight 
edge  along  the  data  so  that  equal  excursions  with  respect  to  the 
interval  period  appear  above  and  below  the  recording  being 
evaluated.  The  position  of  the  string  is  considered  the  median 
value  of  the  data.  (2)  Taking  a  series  of  equally  spaced 
instantaneous  values  (the  number  depending  on  the  time  periods) 
of  the  data  within  a  time  period  (20  minutes,  hourly,  etc.)  and 
finding  the  median  of  these  values.  The  accuracy  of  both  methods 
are  approximately  the  same. 

g.  The  next  step  in  the  data  reduction  is  to  find  the  median  for 
an  entire  run.  (  A  run  in  this  case  is  defined  as  20  minutes 
for  LOS  and  5  minutes  for  tropo).  The  best  way  to  accomplish 
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this,  is  to  plot  a  histogram  of  the  run  medians.  The  median  that 
is  found  to  have  the  most  occurances  during  the  run  should  be 
recorded  as  the  run  median.  Figure  030,  represents  RSL  medians 

"  for  LOS  link  while  Figure  031  shows  a  histogram  plotted  from 
this  data.  It  can  be  seen  from  the  histogram  that  the  median  is 
-28.8  dBm. 

h.  The  final  step  is  finding  the  median  for  the  entire  evaluation 
period.  One  method  of  doing  this,  which  would  provide  a  very 
accurate  median  of  the  data  during  the  evaluation  is  to  plot  a 
histogram  for  all  individual  medians  for  each  run.  The  median 
during  the  evaluation  would  be  the  value  that  occurs  most 
frequently  on  the  histogram.  This  is  the  preferred  method  during 
the  TEP  testing,  however,  some  engineers  take  a  median  of  all  run 
medians.  This  method  is  less  accurate  than  the  preferred  method 
because  of  the  restricted  number  of  data  points  that  are  obtained 
using  the  individual  run  median  method. 

i.  The  methods  described  above  can  also  be  used  in  arriving  at  the 
median  of  other  recorded  parameters.  As  previously  stated,  the 
strip  chart  recordings  can  provide  considerable  information  on 
the  performance  of  a  system  and  application  to  trouble-shooting 
techniques.  This  is  only  valid  if  the  recordings  are  properly 
conducted  and  the  data  is  fully  analyzed.  The  analysis  must  not 
only  be  accomplished  on  a  single  station  basis,  but  also  on  a  sys¬ 
tem  basis  if  maximum  benefits  are  to  be  realized  from  the  test  data. 
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j.  During  the  recording  period,  it  is  essential  that  the  test  teams 
analyze  the  recorded  data  on  a  near  real  time  basis  to  detect 
anomalies  that  would  influence  the  test  data.  There  are  many 
factors  which  can  and  will  result  in  questionable  test  results. 

A  few  of  the  influencing  factors  are  listed  in  the  following- 
paragraphs;  however,  it  must  be  realized  that  these  are  only 
examples  ana  are  not  a  comprehensive  listing. 

0)  The  idle1 channel  noise  recordings  can  be  influenced  by  improperly 
operating  power  supplies,  carrier  leak,  crosstal  k  .'’interference, 
etc .  Shoul dJthe'  rbcorddiT^aTi/fe  'HejWr'i-  •flfi&hfthe  expected  1  evel , 
it  will  be  necessary  to  inspecti.the  power  system  for  excessive 
ripple  by  observing  the  channel  spectrum  with  a  wave  -analyzer  to 
detect-  any  extraneous  signals  that  may  be  interfering  with  the 
recordlnos..,;  ■’ 

(2)  Impulse-noise  recordings  can  be  influenced  by  switching  equipment, 
ringing  tones,  radar  pulses  and  etc;  these  should  be  investigated 
on  a  case  by  case  basis  and  whenever  possible  the  cause 
identified  and  eliminated. 

(3)  Baseband  level  recordings  which  exceed  the  calculated  value, 
based-  on,  actual  traffic  loading,  are  primarily  influenced  by  hot 
levels  in  the  baseband.  When  this  situation  arises,  a  sweep  of 
the  baseband  will  be  necessary  to  identify  the  interfering 
signals-  The  sweep  should  not  only  cover  the  traffic  spectrum 
but  must  extend  below  baseband  to  determine  if  the  problem  is 
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.1 . 

being  Introduced  by  out  of  band  orderwires  and  signalling 
equipment. 

(4)  Deficiencies  in  the  receive  signal  level  will  be  readily  apparent 
from  the  chart  recordings.  Extremely  deep  fades  on  microwave 
links  should  be  investigated  to  determine  the  cause  of  the  fading. 
The  investigation  should  include,  but  not  be  limited  to,  an 

•  'li  l  iJIHr1 

examination  of  the  path  profile  for  adequate  beam  clearance  and, 

, ,  i 

when  necessary,  physical  inspection  of  the  path  for  obstructions 

that  are  not  apparent  from  the  path  profile.  On  tropo  systems 

|V. 

with  maximal  ratio  combiners,  the  strip  chart  recordings  will 

iqachno  of,  the  base’  ... 
provide  a  method  of  ascertaining  that  the  combiners  are 

.  nv-qciucts  are  cr ep.it  lV.  ..  .  .  ,  ..  . 

functioning  properly.  When  the  combiners  are  functioning 

properly,  the  ICN  will  be  a  function  of  the  best  received  signal, 

therefore,  improper  combining  can  be  detected  by  plotting  the 

voice  channel  noise  versus  the  receive  signal  level  of  each 

receiver. 

k.  Results  of  all  the  recordings  are  to-be  plotted  on  the 

appropriate  TEP  Froms  with  the  medians  clearly  identified  as 
shown  in  Figure  c -31  through  C -33  -  As  can  be  seen  from  these 
figures,  the  data  is  plotted  for  ea:h  parameter  as  a  function  of 
time.  As  an  example,  the  plot  of  run  median  RSL,  as  shown  in 
Figure C -31,  graphically  displays  the  distribution  of  all  the  run 
medians  obtained  for  the  recorded  period.  Figure  C-30  contains 
the  stroke  data  and  also  shows  the  respective  percentages  of 
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time  that  the  receive  signal  level  exceeded  the  various  median 
levels.  To  calculate  these  percentages,  first  summate  all  the 
number  of  tick  marks  at  each  median  level,  then  add  all  these 
sub-totals.  Begin  from  the  highest  median  level  noted  during 
this  period  and  divide  this  sub-total  by  the  total  number  of  run 
medians.  Example: 

*  at  -26  dBm  -  1/113  x  100%  =  0.9% 

To  obtain  the  percentage  of  time  this  parameter  exceeded  that 
of  the  next  level  summate  the  previous  sub-total (s)  with  the  sub¬ 
total  at  this  level  and  perform  the  calculations  as  follows: 

,  %  at  -26.5  dBm  »  3/113  x  100%  =  2.7% 

Repeat  the  above  procedure  until  the  percentage  for  the 
second  to  the  last  median  run  level  Is  reached.  Graphically  plot 
the  median  run  levels  with  respect  to  the  calculated  percentages 
as  shown  In  Figure  c-31  through  C-33.  Plots  for  other  recorded 
parameters  such  as  Idle  channel  noise,  baseband  loading,  and  test 
tone  stability  could  be  arrived  at  using  similar  techniques. 

-23  SUMMARY  'Ms  section  has  presented  the  basic  tools  for  final 

analysis  of  the  data  collected  during  an  evaluation.  It  should 
be  evident  that  each  test  can  be  utilized  to  formulate  a  picture 
of  system  performance.  Since  many  of  the  test  results  are 
directly  related  to  other  test  results,  a  series  of  systematic 
testing  can  be  used  to  Isolate  problems  In  the  system.  As  an 
example,  It  was  show  that  the  quieting  curves  were  a  function  of 
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the  entire  receiver,  however,  when  the  curves  were  evaluated 
with  respect  to  noise  figure,  and  IF  test  data,  problems  could 
be  Isolated  to  a  particular  receiver  stage.  Each  major  test 
that  was  covered  In  this  section  was  Intended  to  place  emphasis 
on  the  analysis  of  the  test  data  and  the  methods  normally  used 
to  Isolate  problem  areas. 
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BASIC  NOISE  RATIO  -  BNR 

(also  called  basic  intrinsic  noise  ratio) 
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APPENDIX  C  CCP  702-1 

Data  Analysis 

Section  III  -  Noise  Calculations 

C-24  NOISE  ANALYSIS 

The  following  is  an  analysis  of  Basic  Noise  Ratio  (BNR)  and  Noise 
Power  Ratio  (NPR)  in  determining  actual  levels  of  Basic  and  Interniodulation 
noise  components.  BNR  is  a  S/N  in  dB  of  a  white  noise  signal  in  a  slot 
of  certain  bandwidth  to  the  level  of  basic  noise  present  when  noise 
modulation  is  completely  removed  and,  therefore,  no  intermodulation  noise 
can  be  present.  NPR  is  a  S/N  in  dB  of  a  white  noise  signal  in  a  slot  of 
certain  bandwidth  to  the  level  of  basic  noise  plus  Intermodulation  noise 
present  when  a  corresponding  slot  of  white  noise  Is  removed  from  the  white 
noise  signal  used  to  load  or  modulate  the  system  or  equipment  being  tested. 

a.  To  determine  the  actual  levels  of  basic  and  intermodulation  noise 
present  under  various  loading  conditions,  the  following  factors  must  be 
known: 

(1)  Level  of  Noise  Load  Ratio  (NLP.)  white  noise  signal  used  for  test. 

(2)  Bandwidth  of  white  noise  signal. 

(3)  Measured  BNR. 

(4)  Measured  NPR. 

(5)  Bandwidth  of  slot  desired  for  analysts.  (Note,  the  bandwidth  of 
the  slot  used  in  measuring  the  BNR  or  NPR  is  not  required). 

b.  To  determine  the  actual  levels  of  basic  and  intermodulatior  noise  the 
following  procedures  are  used. 

(1)  The  Bandwidth  Ratio  (BWR)  is  calculated  based  on  the  bandwidths  of 
the  white  noise  signal  and  the  desired  slot  for  analysis  purposes. 
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(2)  The  level  of  the  basic  noise  plus  Intermodulatleii  Is  calculated 
in  the  following  manner. 

(a)  To  determine  the  level  of  basic  noise  (BN)  In  pW0,  convert 
the  BNR  to  S/N,  S/N  to  dBmO,  dBmO  to  dBrnO  and  finally  converting  dBmO 
to  pW0. 

(b)  To  determine  the  level  of  basic  noise  plus  Intermodulatlon 
noise  In  pW0  the  conversion  would  be  the  same  as  In  b(l)  above. 

( c)  To  determine  the  level  of  Intermodulatlon  noise  in  pW0, 
subtract  the  level  in  pW0  obtained  in  b(l)  from  that  in  b(2)  above. 

(d)  The  level  of  Intermodulation  noise  in  dBmO  or  other  units 
can  be  determined  by  converting  the  level  of  pWj9  to  any  desired  unit. 

25  NOISE  CALCULATION  EXAMPLE 

White  noise  NLR  =  +17.8  dBmO,  bandwidth  60  to  2540  kHz.  BNR  =  65, 
NPR  °  56.  What  are  the  levels  of  basic  and  intermodulatlon  noise  in 
dBrnO  and  dBmO  in  a  3.2  kHz  slot? 

a.  From  the  above  information  the  BWR  a  29  dB  (10  log  2540  -  60) 

372 

b.  Basic  noise  Is  calculated  as  follows: 

S/N  =  BNR  +  BWR  -  NLR 
=  65  +  29  -  17.8 
=  76.2  dB 

s 

dBmO  =  -76.2  dBmO 

dBrnO  =  -76.2  +  90  =  13.8  dBrnO 

pW0  =24.0  pW0 
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c.  Basic  plus  intermodulation  noise  is  calculated  as  follows: 

S/N  =  NPR  +  BWR  -  NLR 
=  56  +  29  -  17.8 
*  67.2  dB 
dBmO  ■  -67.2  dB 

dBrnO  »  -67.2  +  90  =  22.8  dBrnO 
pW0  =  190.6  pW0 

d.  Level  of  Intermodulation  noise  is  calculated  as  follows: 

pW0  =  190.6  -  24.0  =  166.6  pW0 
dBrnO  *  22.2  dBrnO 
or  -dBmO  -  22.2  -  90  =  -67.8  dBmO 
C-26  Calculated  NPR  curves  based  on  assumed  noise  distributions. 

a.  White  noise  +17.8  dBmO  (0NLR)  60  to  2540  kHz 

b.  1  kHz  slot  used  for  measurements. 

c.  BWR  -  34  dB,  BNR  -  65  dB 

White  noise  level  i  kHz  slot  (0dBm)  =  -16  dBmO 
Basic  noise  1  kHz  slot  =  -81  dBmO 

NPR  calculated  from  BN  above  -  no  IM  noise 
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NPR  calculated  from  BN  and  IM  noise  varying  at  1  dB  per  1  dB  change 
of  NLR,  at  levels  of  -81  dBmO,  -71  dBmO  and  *91  dBmO  at  0  NLR. 
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NPR  calculated  from  BN  and  IM  noise  varying  at  1  dB  per  1  dB  change  of 
NLR  up  to  0  NLR  and  5  dB  per  1  dB  change  above  0  NLR.  Break  point  at 


-81  dBmO, 

-71  dBmO,  -61 

dBmO  and  -91  dBmO. 

NLR 

-10 

-7.5 

-5 

-2.5 

0 

+2.5 

+5 

+7.5 

+10 

NOISE 

-26 

-23.5 

-21 

-18.5 

-16 

-13.5 

-11 

-8.5 

-5 

BN 

-81 

-81 

-81 

-81 

-81 

-81 

-81 

-81 

-81 

IM  1 

-91 

-88.5 

-86 

-83.5 

-81 

-68.5 

-56 

-43.5 

-31 

IM  2 

-81 

-78.5 

-76 

-73.5 

-71 

-58.5 

-46 

-33.5 

-21 

IM  3 

-71 

-68.5 

-66 

-63.5 

-61 

-48.5 

-36  ‘ 

-23.5 

-11 

IM  4 

-101 

-98.5 

-96 

-93.5 

-91 

-78.5 

-66 

-53.5 

-41 

BN+IM 

1 

-80.6 

-80.3 

-79.4 

-79.2 

-78 

-68.3 

-55.9 

-43.5 

-31 

BN+IM 

2 

-78 

-76,7 

00 

• 

** 

p 

-72.8 

-70.6 

’58.5 

-46 

-33.5 

-21 

BN+IM 

3 

-70.6 

-68.2 

-65.8 

-61.4 

-59.9 

-48.5 

-36 

-23.5 

-11 

BN+IM 

4 

-80.9 

-80.9 

-80.4 

-80.75 

-80.6 

-76.7 

-68.8 

-53.5 

-41 

NPR  1 

54.6 

56.8 

58.8 

60.7 

62 

54.8 

44.9 

35 

25 

NPR  2 

52 

53.2 

54.25 

54.3 

54.6 

45 

35 

25 

15 

NPR  3 

44.6 

44.7 

44.8 

44.9 

44.9 

35 

25 

15 

5 

NPR  4 

54.9 

57.4 

59.9 

62.25 

64.6 

63.2 

54.85 

45 

35 

NPR  calculated  from  IM  varying  at  2  dB  change  in  NLR  and  equal  to  BN 
at  0  NLR  for  BN  at  levels  of  -81  dBmO,  -71  dBmO  and  -91  dBmO.  Curves  are 
the  same  shape  as  curve  1  of  number  3  above  with  peaks  occuring  at  62,  52 
and  72  on  the  NPR  graph. 
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Data  Analysis 

Section  IV  -  Minimum  Noise  Capability  j 

The  MNC  is  derived  from  the  BNR  measured  over  the  link,  and  added  to  j 
the  multiplex  contribution.  To  do  this,  it  is  necessary  to  convert  the 
BNR's  to  their  respective  powers,  average,  and  add  the  value  of  their 
average  power  to  the  multiplex  contribution.  The  sum  of  this  operation  is 
then  reconverted  to  dBm,  corrected  to  dBmO  and  then  overlayed  on  the 
composite  noise  contribution  quieting  curve.  From  a  typical  NPR/BNR  data 
sheet  we  find  that  at  minimum  loading  condition  the  BNR  value  when 
converted  to  dBm  units  is  -82.5  dBm.  ; 

Average  BNR:  So  as  not  to  duplicate  previous  manual  conversion 
routines  here,  we  will  go  right  to  the  solution: 

BNRavg  c  -82.5  dBm  (5.6402945-9  watts) 

For  this  example,  we  will  assume  the  multiplex  noise  contribution  to 
-14 

be  1.26  watts.  The  nominal  multiplex  noise  contribution  obtained  from 
that  listed  in  Appendix E  of  this  document.  Adding  the  multiplex  contri¬ 
bution  to  the  BNRavg  causes  only  a  minute  increase  in  the  total  noise 
power.  We  then  end  up  with  a  fully  quieted  minimum  noise  capability  (in 
a  nonloaded  condition)  of: 

MNC  =  -82.5  -  (-25) 

=  -57.5  dBmO  (as  measured  across  the  baseband/averaged) 

NOTE:  -25  dBm  =  0  dBmO  at  the  baseband 

This  value  can  now  be  plotted  across  the  composite  noise  quieting 
curve  as  shown  in  Figure  C-34.  This  brings  us  to  a 
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problem  which  has  plagued  the  user's  of  3  kHz  flat  Idle  channel  noise 
weighting.  The  power  supply  ripple  content  has  a  direct  bearing  on 
precisely  what  level  of  noise  signal  will  be  measured  In  the  channel  out¬ 
put.  We  will  not  debate  the  effects  of  the  ripple  signal  on  other  analog 
signals  present  In  the  channel,  but  will  provide  an  approximation  table 
for  determining  the  effects  of  ripple,  and  how  It  will  effect  the  output 
of  the  channel.  The  Ripple  Correction  Graph,  is  provided  as  Figure  Cr35 
to  this  appendix.  The  correction  factor  derived  from  this  table  should 
be  added  algebraically  to  the  computed  noise  figures. 
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Figure  C-34 
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Composite  Noise  Contribution  Quieting  Curve 


Figure  C- 35 
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APPENDIX  C 
Data  Analysis 

Section  V  -  Fault  Isolation 
C-27  FACTORS  TO  BE  CONSIDERED 

a.  There  are  basically  four  or  five  key  tests  that  can  Influence  the  test 
data  for  the  majority  of  the  tests  accomplished  by  the  TEP  Teams.  During 
the  course  of  the  evaluation,  unsatisfactory  or  questionable  results  from 
one  of  the  key  tests  will  necessitate  performing  additional  diagnostic 
routines  to  determine  the  specific  cause  of  the  departure  from  expected 
values.  The  method  used  in  isolating  a  problem  will  vary  from  team  to 
team  depending  on  the  nature  of  the  problem  and  methodology  used  during 
the  isolation  process.  Regardless  of  the  technique  used,  each  team  must 
develope  a  systematic  and  routine  method  to  be  used  to  identify,  isolate 
and  correct  problems  noted  during  the  evaluation. 

♦  b.  The  following  factors  and  sequences  are  provided  as  a  guide  during  the 
process  of  isolating  an  anomally  during  the  evaluation. 

(1)  Receive  Signal  Level 

(a)  Path  Loss 

(b)  Antenna  Orientation 

(c)  Transmission  Line  Loss 

(d)  Transmit  Power 

(2)  Receiver  Quieting  Characteristics 

(a)  Demodulated  Baseband  Level 
(5)  Receiver  Noise  Figure 

(c)  Receiver  IF  Bandwidth  &  Insertion  Loss 
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(d) 

Demphasis  Characteristics 

(e) 

Radio  Interference  (Internal  &  External) 

(f) 

Receiver  AGC  Voltage  and  Gain 

(9) 

IF  Amplifier  Gain  and  Linearity 

(h) 

Receiver  Limiting  Action 

O') 

Mixer  Noise  Figure 

(3) 

Radio  Equipment  Noise  Power  Ratio  (NPR) 

(a) 

Symmetry  of  Receiver  and  Transmitter  Bandwidth 

(b) 

Modulator  Linearity 

(c) 

Demodulator  Linearity 

(d) 

Discriminator  Characteristics 

(e) 

Receiver  and  Transmit  Frequency 

(f) 

Receiver  Limiter  Action 

(g) 

Amplifier  Distortion 

(h) 

Mixer  Characteristics 

(4) 

Link 

Noise  Power  Ratio  (NPR) 

(a) 

Combination  of:  (1),  (2),  and  (3) 

(b) 

Waveguide  Echoes 

(c) 

Transmission  Multipath 

(d) 

Radio  Interference 

(e) 

Spurious  Emissions 

(5) 

Baseband  Response 

(a) 

Impedance  Mismatches 

(b) 

Baseband  Filter  Response 

C-104 
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(c)  Amplifier  Gain  and  Tracking 

(d)  Composite  Levels 
(6)  Idle  Channel  Noise 

(a)  Receivej Signal  Level  ,  (1)  through  (5) 

(b)  Channel  Modems 

(c)  Group  Modems 

(d)  Improper  Levels 

(e)  Capacitive  and  Inductive  Coupling 

(f)  Distortion 

(g )  Ground  Loops 

(b)  Ripple  Voltage  from  Power  Units 

(i )  Carrier  Leak 

(j)  Switching  Equipment 

(k)  Improper  Combiner  Operation 

c.  The  list  of  potential  problems  that  may  be  encountered  is  seemingly 
endless  and  the  above  contains  only  a  few  of  those  items  that  would  be 
readily  apparent.  The  team  chiefs  are  encouraged  to  expand  and  modify 
the  list,  to  include  a  logical  priority,  and  submission  of  their 
recommendations  for  updating  this  appendix. 

d.  Figure  c-36  reflects  the  primary  and  secondary  factors  to  be 
considered  when  the  test  data  departs  from  the  expected  value. 
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Final  Analysis  of  the  Test  Data 
Section  I  -  Instruction 

D-l  GENERAL 

a.  The  post  mission  analysis  consists  simply  of  arranging  the  data 
taken  during  an  evaluation  In  a  manner  that  permits  a  logical 
summary  of  the  overall  link  performance.  This  procedure  will 
provide  a  review  of  the  measured  data  on  which  the  team  chief 
can  base  his  cover  letter.  Furthermore,  It  will  place  emphasis 
once  again  on  the  "weak"  spots  In  the  system  that  will  require 
further  maintenance  actions. 

b.  Figure  D-l  provides  a  comparison  of  the  measured  individual 
receiver  RSIs  to  the  predicted  and  the  expected.  The  predicted 
RSL  is  that  RSL  obtained  during  the  path  calculations.  The 
expected  RSL  Is  a  value  calculated  as  In  the  path  calculations 
only  with  the  actual  measured  distant  end  transmit  power 
considered.  It  should  be  remembered  that  when  frequency  diver¬ 
sity  Is  utilized  a  given  receiver's  RSL  Is  affected  only  by  the 
output  power  of  the  transmitter  of  the  same  frequency;  with 
space  diversity  a  given  receiver's  RSL  Is  affected  by  the  output 
power  of  each  transmitter;  and  If  space  and  polarization 
diversity  Is  used,  a  given  receiver's  RSL  Is  affected  almost 
entirely  by  the  output  power  of  the  transmitter  with  the  same 
polarity.  These  factors  should  be  considered  when  calculating 
the  expected  RSL. 
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c.  Figure  D-2  compares  the  measured  quieting  curve  data  with  the 
predicted  and  the  expected  results.  Part  I  of  this  figure  lists 
the  RSL  (on  the  linear  portion  of  the  curve)  on  which  the 
analysis  will  be  made.  The  predicted  values  are  those  values 
calculated  and  obtained  as  outlined  in  Appendix  B  of  this  docu¬ 
ment.  The  expected  value  is  calculated  in  the  same  manner 
except  that  the  values  actually  measured  for  noise  figure  are 
used  in  the  calculations. 

d.  Figure  D-3  provides  a  comparison  of  results  obtained  from  BNR 
data  to  the  quieting  data.  The  median  RSL  is  that  RSL  measured 
during  the  period  that  the  BNR  data  was  recorded.  Part  II  of 
this  figure  is  a  summary  of  all  of  the  BNR  data  converted  to 
dBrnO  by  the  method  discussed  in  Appendix  c  of  this  document. 
Part  III  of  the  figure  summarizes  the  single  receiver  thermal 
noise  obtained  from  the  quieting  curves  at  the  same  median  RSL 
measured  when  collecting  the  loopback  BNR  data. 

e.  Figure  D-4  is  basically  the  same  as  Figure  D-3  except  In  this 
case  the  link  BNR  is  compared  to  the  thermal  noise  obtained 
from  the  quieting  curvf-,s. 

f.  Figure  d-5  is  a  summary  of  the  thermal  noise  data  after  combin¬ 
ing.  Part  I  of  this  figure  presents  the  combined  thermal  noise 
calculated  in  the  path  calculations.  Part  II  gives  the  median 
RSL  for  the  test  period.  The  expected  combined  thermal  noise 
is  based  on  the  link  UNR  data  (or  quieting  data)  and  the 
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predicted  combiner  action  at  the  given  RSL.  With  equal  signal 
to  noise  ratios  In  all  receivers,  the  Improvement  due  to  the 
combiner  Is  theoretically;  3  dB  for  dual  diversity  and  6  dB  for 
quad  diversity.  Part  III  of  Figure  0-5  presents  the  measured 
combined  thermal  noise  based  on  BNR  data  measured  through  the 
combiner.  Part  IV  Is  the  combined  thermal  noise  adjusted  by 
the  amount  of  thermal  noise  at  the  median  RSL  from  the  thermal 
noise  at  the  test  period  RSL. 

Figure  D?6  Is  a  summary  of  the  measured  loopback  Intermodulation 
noise  compared  to  the  value  calculated  In  the  path  calculations. 
The  measured  Intermodulation  data  Is  based  on  CCIR  white  noise 
loading. 

Figure  0-7  Is  a  summary  of  the  link  combined  Intermodulation 
noise.  Part  I  of  this  figure  Is  based  on  data  measured  with  the 
system  CCIR  white  noise  loaded.  Part  II  is  based  on  data 
measured  with  the  system  loaded  with  the  median  baseband  loading 

for  the  evaluation  period. 

\  m 

Figure  D-8  summarizes  the  multiplex  noise  measurements  under 
Idle  and  loaded  conditions.  Part  I  compares  the  measured  and 
predicted  idle  multiplex  noise.  The  predicted  value  is  obtained 
from  the  manufacturer's  specifications.  Part  II  compares  the 
measured  and  predicted  noise  In  a  loopback  configuration.  One 
value  Is  listed  fo.r  the  multiplex  fully  loaded  and  one  value  for 
the  multiplex  under  present  loading  conditions.  Part  III 


compares  the  multiplex  noise  measured  over  the  link  to  the 
predicted  value.  The  multiplex  noise  Is  measured  under  fully 
loaded  conditions  and  loaded  for  icie  present  multiplex 
configuration. 

The  ultimate  objective  of  the  evaluation  is  a 
summary  of  the  total  idle  channel  noise.  The  predicted  value 
is  obtained  directly  from  the  path  calculations.  The  predicted 
value  Is  compared  to  the  median  ICN  from  the  strip  chart 
recordings  and  the  measured  ICN  calculated  from  the  measured 
multiplex  and  radio  noise.  This  last  value  Is  the  sum  of  radio 
combined  thermal  noise  (at  the  median  RSL),  the  median  radio 
Intermod  noise  with  present  loading  and  the  link  multiplex  noise 
with  present  loading.  This  value  Is  to  be  used  only  for 
correlation  with  the  measured  idle  channel  noise.  (Actual 
median). 

When  these  procedures  are  completed,  the  team  chief  should  be 
able  to  arrive  at  a  conclusion  as  to  the  systems  noise  perform¬ 
ance.  Any  problems  that  might  have  been  overlooked  during  the 
evaluation  should  become  evident.  From  these  data  forms  the 
team  chief  should  be  able  to  easily  complete  the  evaluation 
cover  letter. 
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MPIO  THHjjWL  BOISE 

1.  RSL  (on  linear  portion  of  curve)  used  to  perfons 


the  inslysls  _ dBm 

2.  Receiver  front  end  noise  at  the  RSL  above  (based  on  calculations 
perforated  prior  to  mission) 

a.  Low  Slot  _______  dBraO 

b.  Hid  Slot  dBrnO 

c.  High  Slot  dBrnO 


3.  Expected  receiver  front  end  noise  (calculated  with  measure  NF 
considered)  (dtotO) 

LOW  SLOT  HID  SLOT  HIGH  SLOT 

Rcvr  #1  _____  _  _______ 

Rcvr  #2  _  _  _ 

Rcvr  #3  _  _  _ 

Rcvr  #4  _  _ _  _____ _____ _ 

4.  Receiver  front  end  noise  (measured  frcm  quieting  curves)  (dBrnO) 

LOW  SLOT  HID  SLOT  HIGH  SLOT 

Rcvr  #1  _  _  _ 

Rcvr  42  _  _  _ 

Rcvr  #3  _  _  ________ 

Rcvr  #4  _ _ _ 

5.  Receiver  fully  ruleted  noise  (from  path  calculations)  dBrnO 

6.  Receiver  fully  quieted  noise  (from  quieting  curves) 


Figure  D-2 


HIGH  SLOT 


Rcvr  II 
Rcvr  |2 
Rcvr  13 
Rcvr  14 


i 
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Figure  d-2  Cont'd 
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LOOPBACK  BNR  VERSUS  QU1ETIN6  DATA 


1.  Mian  RSL  (during  period  BNR  date  mu  Measured)  _ dBn 

2.  Single  receiver  loopback  thernal  noise  (based  on  BNR  converted 
to  dBrnO) 

LOW  SLOT  HID  SLOT  HIGH  SLOT 

Tx  #1  to  Rx  #1  _  _  _ 

Tx  #1  to  Rx  12  _  _  _ 

Tx  #1  to  to  13  _  _  _ 

Tx  #1  to  Rx  #4  _  _  _ 

Tx  #2  to.  Rx  #1  _  _  _ 

Tx  #2  to  Ibt  12  _ _  _  _ 

Tx  #2  to  Rx  13  _  _  _ 

Tx  #2  to  Rx  #4  _  _  _ 

3.  Single  receiver  themal  noise  fron  quieting  curves  (at  RSL  stated 
above)  (dBrnO) 

LOW  SLOT  HIP  SLOT  HIGH  SLOT 

Rcvr  #1  _  _  _ 

Rcvr  #2  _ _  _  _ 

Rcvr  #3  ,  _  _ 

Rcvr  14  _  _  _ 
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LINK  BMR  VERSUS  QUIETOIg  DATA 
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Median  RSL  (during  the  period  link  8NR  ms  Measured)  _ dBm 

Single  receiver  link  therml  noise  (based  on  link  BNR  converted  to 
S/N)  (dBraO) 


.  LOW  SLOT  MID  SLOT  HIGH  SLOT 

Dist  Tx  # _ to  Local  Ibc  # _  _  _  _ 

Dlst  Tx  # _ to  Local  Rx  # _  _  _  _ 

Dist  Tx  f _ to  Local  Rx  # _  _  _  _ 

Dist  Tx  # _ to  Local  Rx  # _  _  _ _ 

Single  receiver  thermal  noise  from  quieting  curve  data  (at  RSL  stated 
above)  (dBrnO) 

LOW  SLOT  MID  SLOT  HI6H  SLOT 


Rcvr  #1 
Rcvr  #2 
Rcvr  #3 
Rcvr  #4 
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Figure  D-4 
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COMBINED  THEUWL  NOISE 

1 .  Receiver  thermal  noise  after  combining  (from  path 

calculations)  _ dBm 

2.  RSL  (during  test  period)  _  dBm 

3.  Expected  combined  thermal  noise  (based  on. single. receiver  thermal  noise 

and  predicted  combiner  action  using  above  RSL) 

/ 

a.  Low  Slot  dBrnO 

b.  Mid  Slot  dBrnO 

c.  High  Slot  dBrnO 

4.  Measured  combined  thermal  noise  (based  on  BNR  converted  to  S/N) 

a.  Low  Slot  dBrnO 

b.  Mid  Slot  dBrnO 

c.  High  Slot  dBrnO 

5.  Measured  combined  thenaal  noise  (extrapolated  to  the  median  evaluation 

period  RSL) 

a.  Low  Slot  dBrnO 

b.  Mid  Slot  dBrnO 

c.  High  Slot  dBrnO 


Figure  d-5 
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LOOPBACK  RADIO  IHTERHOOULATION  NOISE 
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1. 

2. 


CCIR  loading 


Loopback  Intermodulatlon  noise  (predicted  from  path 
calculations) 


dBmO 

dBrnO 


3.  Loopback  Intermodulatlon  noise  (measured,  based  on  CCIR  loading) 
(dBmO) 


LOW  SLOT  HID  SLOT  HIGH  SLOT 


Tx  #1  to  Rx  #1 
Tx  #1  to  Rx  #2 
Tx  #1  to  Rx  #3 
Tx  #1  to  Rx  #4 
Tx  n  to  Rx  #1 
Tx  #2  to  Rx  #2 
Tx  #2  to  Rx  #3 
Tx  #2  to  Rx  #4 
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Figure  D-6 
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LINK  COMBINED  INTERMODULATION  NOISE 


1.  Link  combined  intermodulatlon  noise  (based  on  link  NPR  and  CCIR  loading) 
(dBrnO) 

LOW  SLOT  MID  SLOT  HIGH  SLOT 

Dlst  Tx  #1  _  _  _ 

Dlst  Tx  #2  _  '  _ 

2.  Link  combined  Intermodulatlon  noise  (based  on  link  NPR  and  median 
loading)  (dBrnO) 

LOW  SLOT  MID  SLOT  HI6H  SLOT 

Dlst  Tx  #1  _  _  _ 

Dlst  Tx  #2  _  _  _ 
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1*  Loopback  idle  multiplex  noise 

Predicted  (manufactures’ s  specs) 
Measured 

2.  Loopback  loaded  multiplex  noise 

Predicted  (path  calculations) 
Measured  (fully  loaded) 

3.  Link  multiplex  noise 

Predicted 

Measured,  thermal  only 
Measured,  present  loading 
Measured,  fully  loaded 


_dBrnO/ dBrnCO 
dBmO/dBrnCO 


_dBrn0/dBrnC0 

jdBrnO/dBrnCO 


_dBrnO/ dBrnCO 
_dBrn0/dBrnC0 
_dBrnO/ dBrnCO 
dBrnO/ dBrnCO 


Figure  D-8 
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Final  Analysis  of  the  Test  Data 
Section  III  ••  Notes  or.  Tests  &  Kora.* 

D-2  NOTES 

This  appendix  relates  only  to  certain  forms  which  have  been  shown  by 
past  experience  to  be  ambiguous. 

a.  T-3  IN  SERVICE  CUSTOMER  LEVELS:  Currently  this  test  is  only  performed  j 

on  continuous  traffic  channels  such  as  tone  packs,  etc.  Selected  voice  ■ 
channels  can  be  measured  to  observe  peak  levels  after  it  has  been  | 

determined  that  the  channel  Is  In  use  by  using  the  bridging  .iacks. 

b.  T-4  1  kHz  TEST  TONE  LEVELS:  When  filling  out  form  T  4-2,  it  is 
Important  to  retrieve  the  proper  data  from  station  diagrams.  TP  2,  3,  10 
and  11  present  no  Identification  difficulties.  In  identifying  TP  4,  5,  8 
and  9,  several  points  may  offer  GP  and  SGP  appearances. 

REMEMBER  THAT: 

TP  4:  Input  of  GP  Modulator 
TP  5:  Input  of  SGP  Modulator 
TP  8:  Output  of  SGP  Demodulator 
TP  9:  Output  of  GP  Demodulator 

Do  not  be  confused  by  associated  filters,  Injection  units,  or 
amplifiers  prior  to  the  modulators  and  demodulators. 

In  some  cases  the  test  points  do  not  appear  on  a  jack  field.  Instead, 
they  may  be  bridging  test  points  Isolated  from  the  point  of  Interest. 

These  test  points  may  require  FSVM  settings  other  than  the  design  input 
Impedance  of  the  Mod/Demod  units  and  yield  levels  difference  from  those 
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at  the  input  or  output.  Always  reference  these  levels  to  the  manufac¬ 
turer's  specifications.  As  an  example: 

TP  4:  Manufacturer's  specifications  135n  -35  dBm 
This  is  the  0  dBmO  level.  However,  the  monitor  point  will  give  a  -60 
dBm  with  the  FSVM  in  75fl  terminate. 

Use  the  manufacturer's  specifications  In  the  appropriate  blocks.  If 
the  -10  dBmO  tone  is  measured  at  -70  dBm  at  the  monitor  point,  place  -45 
dBm  on  the  data  sheet.  If  the  -10  dBmO  tone  reads  -69.5  dBm  at  the 
monitor  point,-  place  -44.5  dBm  on  the  data  form. 

TLP  dBmO  line  is  for  the  manufacturer's  specification  at  the  0  dBmO 
level . 

TLP  dBm  line  must  reflect  0  dBmO  plus  standard  test  tone  for  the  test 
(usually  -10  dBmO).  Thus,  if  TLP  dBmO  was  -25  dBm  and  standard  test  tone 
is  -10  dBmO,  TLP  dBm  would  be  -35  dF  ,. 

The  -dBm  column  is  where  the  measured  tone  level  Is  recorded.  The 
dev,  column  is  the  difference  ±  between  the  -  dBm  value  and  the  TLP  dBm 
value. 

c.  T-8  IDLE  CHANNEL  NOISE:  When  filling  out  T  8-2,  the  TLP  [Reference 
Test  Tone  Signal  Power  (ST)]  is  the  0  dBmO  level  from  T  4-2. 

Relative  Test  Signal  Power  <ST)  Is  -10  (0  dBmO  +  -10) 

Sm  is  the  measured  received  level  of  the  channel.  If  performed  the 
same  day  as  T-4,  the  data  need  not  be  reverified. 

d.  T-9  IDLE  CHANNEL  IMPULSE  NOISE:  When  completing  T  9-2,  ST,  S'T,  and 
Sm  are  the  same  as  T  8-2. 
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Present  method  for  TED  is  take  ICN  data  In  voice  band  (C-Message). 

The  high  count  setting  is  never  less  than  72  dBrnCO  (DCA  specification 
15  or  less  counts  exceeding  72  dBrnCO). 

Data  channels  should  be  tested  in  flat  weighting. 

e.  T-15  VOICE  CHANNEL  FREQUENCY  TRANSLATION:  Current  TED  practice  is  to 
utilize  the  square  wave  method  outlined  in  AFCS  100-61  series  manuals  for 
voice  channel  testing. 

If  "No  frequency  translation  is  observed",  so  state  on  cover  sheet. 

It  is  not  necessary  to  fillout  form. 

f.  T-19  DATA  ERROR  RATE:  A  "run"  is  defined  as  a  period  between  printer 
readouts.  Since  combined  RSL  cannot  be  obtained  (with  a  pre-detection 
combiner)  BER  vs  %  time  is- plotted  instead. 

g.  T-23  LINK  NPR  VS  BASEBAND  LOADING:  When  filling  out  form  T  23-1 ,  observe 

the  following.  (Numbers  are  keyed  to  example  inclosed,  Figure  D-9) 

1.  Manufacturer's  specification  0  dBmO  of  point  where  voice 

generator  is  connected. 

2.  Manufacturer's  specification  0  dBmO  of  point  where  noise 
receiver  is  connected. 

3.  DCA  loading  -10  +  10  log  N 

NOTE:  If  the  system  was  designed  for  CCIR  loading,  place  this 
data  on  the  cover  sheet  as  additional  data. 

4.  1.  +  3. 

5.  2.  +  3. 

6.  7,  9  -  12.  Values  taken  from  Marconi  equipment.  9-11  are  those 
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values  listed  in  DCAC  310-70-57,  Suppl  1,  for  a  specific  channel  capacity. 
8.  3.1  kHz 

13  -  20.  Measured  data  at  DCA  loading. 

NOTE:  If  the  system  was  designed  for  CCIR  loading  place  NPR/BNR  data 
on  cover  sheet  in  tabular  form  as  additional  data. 

21.  Measured  0  dBmO  receive,  (i.e.  distant  end  loads  transmit  +est 
point  with  white  noise  to  the  level  of  item  1.  The  level  is  measured 
with  an  RMS  voltmeter  at  the  receive  end.  The  measured  value  goes  in 
item  21. 

22.  This  is  the  median  RSL  of  the  receiver  during  the  test.  On  Tropo, 
this  Is  best  taken  from  the  chart  recordings.  On  C0S,  a  panel  meter  or  dc 
voltage  from  which  RSL  can  be  obtained  will  be  adequate  If  chart  record¬ 
ings  are  not  available. 

23.  Measured  deviation  at  time  of  test. 

24.  Engineered,  specified  deviation  for  the  link. 

25  -  26.  Mark  appropriate  blocks  to  identify  the  path  on  which  data 
is  taken. 

NOTE:  For  Items  13  -  20,  NPR  Is  read  to  nearest  1/2  and  BNR  to  the 
nearest  dB. 

26.  On  some  systems  it  has  been  found  that  the  NPR 's  were  so  poor 
at  design  loading  that  the  noise  test  set  had  to  oe  re-referenced. 

Whenever  necessary,  reference  the  Instrument  so  that  the  actual  NPR's  can 
be  read  rather  than  through  extrapolation. 

h.  T-24  BASEBAND  LEVEL  VS  FREQUENCY  RESPONSE:  Transmitter  and  receiver 
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baseband  levels  (BB  level  in _ dBm,  BB  level  out _ dBm)  are 

manufacturer's  specified  levels  at  the  point  test  equipment  is  attached 
to  collect  the  data.  Reference  is  taken  at  100  kHz,  whatever  the  receive 
level  Is  for  100  kHz  becomes  0  dBmO  for  the  purpose, c  of  plotting  the 
graph  and  all  data  in  the  dBmO  column  are  referenced  to  100  kHz  receive 
levels. 

NOTE:  For  systems  less  than  120  channels  use  70  kHz  as  reference. 

i.  T-25  SPURIOUS  FREQUENCY  SIGNALS:  Test  conditions  I,  III  &  IV  are 
observed. 

Performing  condition  II  depends  upon  the  number  of  channels  and 
terminations  available. 

V,  VI  &  VII  depend  upon  radio  configuration  and  availability  of  turn¬ 
around  mixer. 

If  "No  spurious  emissionsare  observed",  so  state  on  cover  sheet. 

j.  T-34  QUIETING  CURVES:  When  filling  out  T  34-2,  the  Reference  Test 
Tone  Level  Is  measured  by  having  the  distant  end  send  0  dBmO  using  the  F 
in  or  Fp  used  far  measuring  deviation. 

The  RbL  is  measured  in  5  dB  steps  except  around  calculated  threshold. 
Example:  If  calculated  threshold  is  -79  dBm  data  is  taken  at  85,  83, 
80,  79,  78,  77,  75  to  get  a  more  accurate  plot  in  the  area  of  interest. 
The  threshold  taken  from  the  graph  should  also  be  calculated  from  the  raw 
test  data  to  insure  that  the  data  has  been  accurately  plotted. 
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AN/TCC-50 
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AN/ FCC -3 A 


AN/FCC-55 
AN/ FCC- 18 
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MULTIPLEX  EQUIPMENT -PACTffTr 

AN/FCC-7 

AN/FCC-1 

AN/UCC-4 

AN/TCC-7 

TCSr600  (AN/ FCC- 18) 
AN/TCC-20 


AN/TCC-13 

AN/FCC-*21 

AN/FCC-17 

AN/FCC-55 

AN/FCC-67 


TABLE  E-2 

multiplex  equipment-conus 

MX- 103 
MX-106 


45BX2 


TABLE  E-3 

MULTIPLEX  EQUIPMENT -EURflPK 

600)  Siemens  VZ-12 

Siemens  VZ-60 
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TABLE  E-4 

NOMINAL  MULTIPLEX  NOISE  CONTRIBUTION 

TYPE 

MULTIPLEX 

MINIMUM 

CONTRIBUTION  IN  PIC0WATTS 
MAXIMUM 

NOMINAL 

*AN/FCC-55 

126 

252 

189 

*AN/FCC-17 

126 

252 

182 

♦AM/FCC-18 

600 

1590 

730 

*AM/FCC-32 

300 

560 

430 

*AM/FCC-58 

425 

910 

667 

♦AN/MCC-12 

140 

252 

180 

♦AN/TCC-13 

126 

252 

189 

*AN/UCC-2 

126 

252 

183 

♦AM/UCC-4 

126 

252 

182 

A.T.l 

420 

1950 

790 

K-Type 

110 

190 

140 

L-Type 

115 

"125  • 

117 

MX-106 

200 

..  500 

350 

18-1  (MEC) 

250 

1100 

'  450 

Vl-12 / V60-120FD 

270 

800  ' , 

357 

45BX 

150 

380  .. 

265 

*NOTI:  FCC/MCC/UCC  family  of  equipment  ie  capable  of  providing 
channel  to  channel  noiae  contribution*  of  less  than  100  picovmtts, 
when  peak  power  supply  ripple  content  is  less  than  40  mill-volts 

peak 
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TABLE  E-*5 
IMPEOANCE  OF  LOAO 
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RMS 


i 


E-3 
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TABLE  E-6 

MULTIPLEX  TRANSLATION 
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This  table  provides  a  ready  reference  source  for  determining  the 
channel,  group,  supergroup  and  baseband  frequency  as  the  signal  Is  trans¬ 
lated  within  the  multiplex  equipment.  The  translated  pilot  frequencies 
are  also  Included  and  are  typical  of  the  majority  of  equipment  that  will 
be  encountered. 


Frequencies  of  1-Kc  Channel  Tet»c  Tones  in  the 
Group,  Supergroup,  and  Line  Frequency  Bands 


TRANSLATED  TEST  TONE  FREQUENCY,  KC 

G 

R 

0 

U 

P 

C 

H 

A 

N 

GR  . 
BAND 

SGR 

BAND 

SGR  IN  THE  LINE  FREQUENCY  BAND 

*1 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1 

1 

107 

313 

251 

299 

313 

803 

1051 

1299 

1547 

1795 

2043 

2291 

2539 

2 

103 

317 

247 

295 

317 

799 

1047 

1295 

1543 

1791 

2039 

2287 

2535 

3 

99 

321 

243 

291 

321 

795 

1043 

1291 

1539 

1787 

2035 

2283 

2531 

4 

95 

325 

239 

287 

325 

791 

1039 

1287 

1535 

1783 

2031 

2279 

2527 

5 

91 

329 

235 

283 

329 

787 

1035 

1283 

1531 

1779 

2027 

2275 

2523 

6 

i 

87 

333 

231 

279 

333 

783 

1031 

1279 

1527 

1775 

2023 

2271 

2519 

7 

83 

337 

227 

276 

337 

779 

1027 

1275 

1523 

1771 

2019 

2267 

2515 

8 

79 

341 

223 

271 

341 

775 

1023 

1271 

1519 

1767 

2015 

2263 

2511 

9 

75 

345 

219 

267 

345 

771 

1019 

1267 

1515 

1763 

2011 

2259 

2507 

♦Not  a  standard  frequency  allocation  for  Multiplexer  Set  AN/UCC-4(V) 


( 
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Table  E-6  (Continued) 


GR  SGR 
BAND  BAND 


Frequencies  of  1-Kc  Channel  Test  Tones  in  the  Group, 
Supergroup,  and  Line  Frequency  Banda  (Cont) 

TRANSLATED  TEST  TONE  FREQUENCY,  KC 


SGR  IN  THE  LINE  FREQUENCY  BAND 


8 

9 

10 

2007 

2255 

2503 

2003 

2251 

2499 

1999 

2247 

2495 

95  373  191  239  373  743  991  1239  1487  1735  1983 

91  377  187  235  377  739  987  1235  1483  1731  1979 

6  I  87  381  183  231  381  735  983  1231  1479  1727  1975 


327  388  731  979 
223  389  727  975 


1475  1723  1971 
1471  1719  1967 
1467  1715  1963 


219  393  723  971 


967  1215  1463 
963  1211  1459 
969  1207  1465 


107  409  155  203  409  707  955  1203  1451  1699  1947 

103  413  151  199  413  703  961  1199  1447  1695  1943 

99  417  147  196  417  699  947  1195  1443  1691  1939 


71 

397 

67 

401 

63 

1 

405 

107 

409 

103 

413 

99 

417 

1 


2231  2479 
2227  2475 
2223  2471 


2219 

2215 

2211 


2207  2456 
2203  2451 
2199  2447 


2195  2 
2191 
2187  |  2435 


♦Not  a  standard  frequency  allocation  tor  Multiplexer  Set  AN/UCC-4(V). 
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ss « 


Table  E-6  (Continued) 


CCP  702-1 


Frequencies  of  1-Kc  Channel  Test  Tones  in  the  Group, 
Supergroqp,  and  Line  Frequency  Bands  (Cont) 


TRANSLATED  TEST  TONE  FREQUENCY,  KC 


LINE  FREQUENCY 


S  6 


943  1191  1439 


1187  1435 


935  1183  1431 


931  1179  1427  1675 


927  1175  1423  1671 


923  1171  1419  1667 


919  1167  1415  1663  1911  2169  2407 


915  1163  1411  1659  1907  2155  2403 


911  1159  1407  1655  1903  2151  2399 


907  1155  1403  1651  1899  2147  2395 


903  1151  1399  1647  1895  2143  2391 


899  1147  1395  1643  1891  2139  2387 


895  1143  1391  1639  1887  2135  2383 


891  1139  1387  1635  1883  2131.  2379 


887  1135  1383  1631  1879  2127  2375 


883  1131  1379  1627 


879  1127  1375  1623 


875  1123  1371  1619 


♦Not  a  standard  frequency  allocation  for  Multiplexer  Set  AN/UCC-4(V). 
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Table  E-6  (Continued) 


Frequencies  of  1-Ko  Channel  Teat  Tones  in  the  Group, 
Srosrgroup,  and  Ida*  Frequency  Bands  (Cent) 

TRANSLATED  TEST  TONE  FREQUENCY.  KC 


8GR  IN  THE  LINE  FREQUENCY  BAND 


SGR 

BAND 


10  71  493  71  119  493  623  871  1119  1367  1615  1863  2111 

11  67  497  87  116  497  619  867  1115  1363  1611  1859  2107 

12  63  501  63  111  501  615  863  1111  1359  1607  1855  2103 


5  I  1  107  505  59  107  506  611  859  1107  1356  1603  1851  |  2099 


10  71 

11  67 

12  63 


IF 


103  509  55  103 

513  51  99  613 


95  517  47  95  517  599  847  1095  1343  1591  1839 

91  521  43  91  531  596  843  1091  1339  1587  1835 

87  525  39  87  526  591  839  1087  1335  1583  1831 


33  529  35  83  629  587  835  1083  1331  1579  1827  2075 

8  79  533  31  70  533  583  831  1079  1327  1575  1823  2071 

9  75  537  27  76  537  679  827  1076  1323  1571  1819  2067 


23  71 

19  67 

15  63 


5 

6 

1119 

1367 

1115 

i  1363 

1111 

1359 

1107 

1356 

1103 

1351 

1099 

1347 

1095 

1343 

1091 

1339 

1087 

1335 

1083 

1331 

1 

1079 

1327 

1076 

1323 

1071 

1319 

1067 

1315 

1063 

1311 

8 

9 

59n 

Dll 

1863 

2111 

2359\ 

1859 

2107 

1 

2355 

1855 

2103 

2351 

1851 

2099 

2847 

1847 

2095 

2S43 

i 

1843 

2031 

2339 

"Net  a  standard  frequency  allocation  lor  Multiplexer  8et  AN/UCC-4(V) 
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Frequencies  of  Group  Pilots  in  the  Supergroup 
and  Line  Frequency  Bands 


TRANSLATED  GROUP  PILOT  FREQUENCY,  KC 

GR1 

mm 

GR  3 

,  GR  4 

? 

GR  5 

312-552  KC 

SGR  BAND 

315.92 

363.92 

411.92 

459. 92 

507.92 

— 

D 

248.08 

200.08 

152.08 

104.08 

56.08 

■ 

296.08 

248.08 

200.08 

152.08 

104.08 

2 

315.92 

363.92 

411.92 

459.92 

507.92 

H 

800.08 

752.08 

704.08 

656.08 

608.06 

mm 

1048.08 

1000.08 

952.08 

904.08 

856.08 

SGR 

IN 

THE 

5 

1296.08 

1248.08 

1200.08 

1152.08 

1104.08 

LINE 

6 

1544.08 

1496.08 

1400.08 

1352.08 

FREQ 

BAND 

7 

1792.08 

1744.08 

1696.08 

1648.08 

1600.08 

8 

2040.08 

1992.08 

1944.08 

1896.08 

1848.06 

9 

2288.08 

2240.08 

2192.08 

2144.08 

2096.08 

10 

2536.08 

2488.08 

2440.08 

2392.08 

2344.08 

♦Hot  a  standard  frequency  allocation  for  Multiplexer  Set  AN/UCC-4(V). 
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ZABLE  E-7 

DCS  TECHNICAL  SCHEDULES 


Item 

Number 

User-to-User  Circuit 

4  < 

Circuit 

Parameter 

Code 

, Voice 

1 

Nonsecure  voice  circuit. 

VI 

Facsimile 

2 

Includes  facsimile  transmission  which  can  be 
accommodated  over  a  voice-grade  channel  with  no 
special  conditioning.  If  the  required  facsimile 
(Including  telephoto)  service  Involves  special 
conditioning  of  the  voice  channel,  the  specific 
circuit  parameters  will  be  developed  based  on  the 
characteristics  of  the  equipment  to  be  used  In  the 
circuit. 

VI 

Telegraph  and  Data 

3 

Less  than  46  bauds.  Includes  60-WPH  teletypewriter 
and  other  dc  keying  service  below  46  bauds. 

N1 

4 

46  through  75  bauds.  Includes  75-WPM  and  100-WPM 
teletypewriter  service  and  other  dc  keying  service 
from  46  through  75  bauds. 

N2* 

5 

! 

76  through  150  bauds.  Includes  100-baud  teletype¬ 
writer  and  other  dc  keying  service  from  76  through 

150  bauds. 

N3 

6 

300  through  600  bauds.  Includes  data  transmission 
and  other  service  operating  at  300  through  600 
bauds. 

D2 

7 

1 

066-063  IBM  (10  to  40  cards  per  minute). 

VI 

E-10 
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Item 

Number 

User-to-User  'Circuit 

Circuit 

Parameter 

Code 

8 

1,200  bauds.  Includes  data  card  transmission  and 
other  service  operating -at  1,200  bauds. 

02 

9 

2,400  bauds.  Includes  all  types  of  alternate 
voice/data  service  including  secure  voice  operat¬ 
ing  at  2,400  bauds. 

SI 

10 

2,400  bauds.  Limited  to  data  service  only. 

D1 

11 

50,000  bits/sec  (within  50  kHz)  secure  voice. 

This  is  a  special  schedule  pertaining  to 
encrypted  voice  baseband  transmission  over  long¬ 
distance  carrier  facilities. 

Z1 

Voice-frequency  Telegraph 
(VFT6)  Systems 

(Terminal -to 'Terminal  DCS  Facilities) 

13 

Voice-frequency  .one  group,  type  1.  Up  to  16 
teletypewriter  channels  provided  over  a  voice- 
frequency  circuit  between  carrier  terminals. 

02 

14 

Voice-frequency  feme  group,  type  2.  Up  to  26 
teletypewriter  channels  provided  over  a  voice- 
frequency  circuit  between  carrier  terminals. 

01 

i 

1 

i 

(Circuit  parameters  the  same  as  01  apply  except 
that  the  maximum  change  In  audio  frequency  Is  plus 
or  minus  2  Hz  instead  of  plus  or  minus  5  Hz). 

Automatic  Switched  Networks 

AUTOVON 
(Access  Lines) 

15 

Voice  grade. 

V2 

I 


E-ll 
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User-to-User  Circuits 


Circuit 

Parameter 

Code 


Special  grade,  such  as  4-wlre  AUTOVON  switch 
access  (2,400  bits/sec). 

(Trunks,  Interswitch) 

Voice  grade. 

Special  grade  (no  regenerators  at  either  end). 
Special  grade  (regenerators  at  both  ends). 
Special  grade  (regenerators  at  one  end). 


AUTODIN 
(Access  Lines) 

1,200  or  2,400  bits/sec. 

1,200  bits/sec  multiplexed.  Includes  service  where 
user  and  AUTODIN  switching  center  provide  modems 
which  are  frequency-division  multiplexed  to  provide  a 
number  of  channels  on  a  single  VF  channel.  This  VF 
channel  may  be  multiplexed  with  any  compatible 
combination  of  75- ,  150-,  300- ,  or  600-baud  modems  no.t 
to  exceed  1 ,200-bauds  total .  VF  bridging  at  trans¬ 
mission  nodal  points  Is  employed  to  serve 
noncol located  users.  See  N2  and  N3  for  schedule 
pertaining  to  75-  to  150-baud  dc-keyed  access  lines. 


(Trunks) 

2,4Q0  bits/sec  dedicated  circuit  from  one  AUTODIN 
switch  to  another. 
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I  ton 

User-to-User  Circuits 

Circuit 

Parameter 

Number 

Code 

i 

AUTOSEVOCOM 
(Access  Lines) 

24 

Secure  voice  terminal  (2,400  bits/sec)  to  VOCOM 
switch. 

SI 

25 

Secure  voice  terminal  (2,400  bits/sec)  to  4-wire 

JOSS  or  5-D  switchboard,  part  of  AUTOSEVOCOM. 

SI 

26 

Secure  voice  terminal  (50  kilobit)  to  special  758 
switch,  cordless  switchboard,  or  VOCOM  switch: 

SI 

over  metallic  facilities  without  regenerators; 

Z2 

over  long-distance  carrier  facilities. 

Z4 

27 

Secure  voice  terminal  (50  kilobit)  to  AN/FTC-31: 

over  metallic  facilities  without  regenerators;  . 

Z1 

over,  long-distance  carrier  facilities. 

Z4 

(Trunks) 

28 

50  kilobit,  over  metallic  facilities  without 
regenerators . , 

i  Z3 

29' 

50  kilobit,  over  long-distance  carrier  facilities. 

*  Z4 

30 

2,400  bits/sec  (VOCOM  switch  to  either  VOCOM 

l 

switch  or  special  758  switch). 

SI 

i 

■i 
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DCS  CIRCUIT  P 


Unit  of 
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SCHEDULES  Zl,  7.2,  AND  Z3 


Characteristic 

Unit  of 
Measure 

. . Schedules _ 

Zl 

Z2 

Z3 

Subscriber 
to  Switch 

Switch  to 
Subscriber 

a.  Lineup  loss  (Note  1) 
(kHz) 

db 

0.01 

+15 

+15 

0.1 

+13 

+13 

1.0 

+12 

0 

+12 

0 

10.0 

+20 

+20 

50.0 

+30 

+30 

0.01-50.0 

-2  to  +2 

-2  to  +2 

1.0-40.0 

-1  to  +1 

-1  to  +1 

b.  Delay  character¬ 
istic 

Microsecond 

±10 

±10 

±10 

±10 

c.  Maximum  loss  vari¬ 
ation  (Note  2) 

db 

±4 

±4 

±4 

±4 

d.  Noise  character¬ 
istic  (Note  3) 

db  S+N 

N 

20 

20 

20 

20 

e.  Impulse  noise 

Max  peaks 
per  second 
exceeding  12 
db  below  peak 
signal  level 

1 

1 

1 

1 

f.  Supervisory 
signal  Inputs 

Note  4 

Note  5 

..... 

Note  5 

Note  5 

NOTES: 

1.  These  ere  maximum  values.  Shorter  circuits  will  have  less  and  will 
generally  correspond  to  the  slope  characteristic  shown. 

2.  Referred  to  lineup  losses. 

3.  Signal  plus  noise  of  pseudorandom  signal  at  normal  transmission  level 
measured  at  the  user  terminal  with  a  true  rms  voltmeter  and  with  the 
line  terminated  in  13S  ohms.  Noise  is  measured  with  same  meter  at  the 
user  terminal  with  signal  removed  and  input  terminated. 

4.  Schedule  Zl. 


1,000  Hz  (Range  -6.5  to  +5.0  dbm) 

2,600  Hz  at  -21  dbm 

-17.5  dbm  at  0.05  volt  (rms) 


Ringing  tone: 
On  hook: 
Voice: 


E-18 


5.  Schedules  Z2  end  Z3. 
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Ringing  cone:  1,000  Hz  (Range  -C.5  Co  +5.0  Jhm) 

On-hook:  2,600  Hz  at  -21  dbm 

Dial  pulsing:  2,600  Hz  burst  at  -9  dbm 

On-hook  return:  2$600  Hz  at  -9  dbm  for  nominal  260  ms 

(range  220  to  320  ms)  followed  by  2,600 
Hz  at  -21  dbm. 

Voi»e:  -17.5  dbm  at  0.05  volt  (rmo) 


E-19 
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SCHEDULE  Z4 


Measure 

Unit 

Typical  Value 

Characteristic 

4-Wire  Carrier,  Full- 
Duplex  Operation,  Sub¬ 
scriber  to  Subscribrtr 
or  Switch  to  Switch 

| Nominal  data  signal  am¬ 
plitude  ( input /output) 

Volta,  peak  to  peak 
(PP) 

1 

impedance  (balanced  in¬ 
put  ^output ) 

Ohms 

135 

Data  rate  at  baseband 
vKK?) 

Kilobits /second 

50 

l 

) 

j.;  if  ter  from  terminal 
’equipment  (max) 

%  Isochronous  distor¬ 
tion  (-  PP  jitter) 

20 

Jitter  to  terminal 
eqjipmeni  (max) 

%  Isochronous  distor¬ 
tion  (-  PP  jitter) 
(Assumes  0-20%  jitter 
from  terminal  equipment) 

i 

33 

Error  rate  objective 

- 1 

Error  rate/time 

* 

On-hook  signal  from 
terminal  equipment 

Ha 

2,600  at  -21  dbm 

Ringing  signal  to 
terminal  equipment 

Hz 

1,000  at  -6.5  dbm 

Dial  signal  from  ter¬ 
minal  equipment 

Tone  burst 

2,600  Hz  bursts  at  -9 
dbm,  10  PPS,  61%  break  , 

On-hook  signal  follow¬ 
ing  oft-hook  from 
terminal  equipment 

Hz 

2,600  Hz  at  -9  dbm 
for  approx  260  milli¬ 
seconds 

Forwarding  switching 
time  (approx) 

Milliseconds 

400  (following  end 
of  last  dialed  digit) 

*The  burst  rate  shall  not  exceed  one  error  burst  per  minute  averaged  ove  * 
a  1-hour  test  period*  One  error  burst  is  not  to  exceed  350  bits  averaged 
over  a  1-hour  test  period*  The  average  number  of  bits  per  burst  is  equal 
to  the  total  of  bit  errors  divided  by  the  number  of  bursts* 
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TYPICAL  BLOCK  AND  LEVEL  DRAWING,  MX- 106 


Figure  E-2 


TYPICAL  BLOCK  AND  LEVEL  DRAWING.  AN/FCC-16 


LEVELS  ARE  IN  DBM 


E-*5 


TRANS- ISTHMIAN  MICROWAVE  SYSTEM  (TIMSJ 
MULTIPLEX  PLAN 
Figure  E-7 


TRANS- ISTHMIAN  MICROWAVE  SYSTEM 
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Figure  E-9 
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Figure  E-10 
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TABLE  E-10 


AN/FRC-109 

AN/FRC-109(76C) 

AN/FRC-154 

MW-508D 

HW-608D 

AN/TRC-29 

AN/TRC-38 


AN/FRC-109 
AN/FRC-109(76C) 
AN/ FRC-159(V) 


AN/GRC-66 
AN/FRC-80 
Siemens  FM/8000 


RADIO  EQUIPMENT-PACIFIC 

AN/TRC-120 
AN/FRC-104 
AN/MSC-46 
NEC  M-288-2A 
,  AN/TRC-24 
LRC-3 

AN/TRC-132 


TABLE  E-ll 

RADIO  EQUIPMENT -CONUS 

JM-68 

MW-502 


TABLE  E-12 

RADIO  EQUIPMENT -EUROPE 

REL-2600 

AN/FRC-109 


AN/MRC-98 

AN/ FRC-39A 

AN/TRC-90 

AN/FRC-80 

TR-450 

NUS-7300 


MW -508 
78F2 


TYPICAL  BLOCK  AND  LEVEL  PRAWIN6  —  LRC 
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FIGURE  E-17 


TYPICAL  NPR  CURVE,  LRC-3 


i 


TO  BE  PUBLISHED 


RECEIVER  Rr  BLOCK  DIAGRAM 
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j 


RECEIVER  INPUT  RF  SltNAL  LEVEL  1R*U  -«lb» 


■e  z-23 


E-48 


normal  thur 

COAXIAL  JACK 


i 


i 


Figure  E-24 
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TYPICAL  AGC  AND  FM  QUIETING  CURVE  AN/FRC-109 
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AGC  OR  !F  SIGNAL  DC  VOLTAGE  (  VOLTSi 


®  K  w  m  't  to  CM  O 


Figure  e-25 
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DESIGN  OBJECTIVES 


TEST 

MIL-STD 

Radio  Equipment  Noise 

Power  Ratio  (NPR) 

(T-22) 

55  dB 

Transmitter  -  Modulator 
Frequency  Deviation 
(T-29) 

'  Manufacturer’s  specs 
(min  capability  ±7  MHz) 

RF  Exciter  &  Power 
Amplifier  Bandwidth 
.(1-31) 

0.1  dB  RF  BW  Is  2.8  (A  Fc  +  Fm) 
a  Fc  »  peak  carrier  deviation, 

Fm  top  B-B  frequency 

Receiver  LO  Frequency 

Accuracy 

(T-37 ) 

0.0001%  or  1  part  In  106 

Frequency  Division 

Multiplex 

(T-40) 

a)  Noise  Power  Ratio 
(NPR) 

b)  Basic  Noise  Ratio 
(BNR) 

31  pWpO  or  -72.5  dBmO 

10  pWpO  or  -77.5  dBmO 

Radio  and  Frequency 
Division  Multiplex 
(T-41) 

a)  Radio  Pilot 
b  MUX  Pilot 

c)  Group  Pilot 

d)  Alarm  Activation 
Limits 

— _ _ _ _ 

-10  dBmO 
-16  dBmO 
'  -20  dBmO 

Manufacturer's  specs 

t 

\ 
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APPENDIX  P 
MISCELLANEOUS  DATA 
SECTION  i.  FORMULAS  AND  EQUATIONS 


Earth  Curvature 


h« 


12.75  K. 


h  (K 

e 

h  (K 

e 

h  (Kf 


0)  -  0 


4/3) 


dl  d2 
17 


2/3) 


d  d 
1  2 

8.5 


h  ■  meters 
d  »  kilometers 


Reflection  Point  Relations 

For  K 
© 

For  K 
e 


4/3; 


2/3; 


F-I 
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First  Fresnel  Zones  Clearance 


F  *  17.3 


V 


2 


0 


F 


1 


In  meters,  d's  and  D  in  kilometers 


FH  Threshold 


T-.  -  -164  dBm  +  10  log  (B J  +  NF 
FM  " 

where:  Bw  *  IF  Bandwidth  (Hz) 

NF  »  Noise  Figure  (dB) 
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Noise  Units  Correlation 


dBrnCO  =  10  log  pWpO  +1.0 


=  dBaO  +  6.0 


=  88.5  -  S/N 


flat 


S/N  =  88..'  -  dBrnCO 
flat 


S/Nflat  =  90  -  dBrnO 


S/N,.  =  82.5  -  dBaO 


S/N  =  87.5  -  dBrnO.  ,,  . 
flat  (pWp) 


pWCO  =  log"*  ( - )  X  is  in  dBrnCO  units 

10 

-1  X 

pWpO  =  log  (■  —  )  X  is  in  dBrn0^pWpj  units 


-1  x 

pWO  =  log  ( - )  X  is  In  dBrnO  units 

10 
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noise  Bower  Ratio  (MPR) 


S/H  =  flPR  -.NL  +.BWR 

where  NL  *  Noise  Loading  (dBmO) 

CCIR  Criteria: 

HL  s  -15  +  10  log  N  N  >  240  channels 

NL  *  -1  +  4  log  N  N  <  240  channels 

Military: 

*L  *=  -10  +  10  log  N 


where  BWA  *  Bandwidth  Ratio 


k-*  ft  *^*0* ' «  fi^/aw^*#*****^  ***■  '* 


( 
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dsssael  Capacity 

60 
120 
240 
300 
600 

dieting) 

S/N  *  RSL  +  136  -  KF  +  20  log  —  +  IQ 

fm  p 

where  RSL  =  Receive  Signal  Level  (dBffl)’ 

NF  =  Receiver  Noise  Figure  (dB) 

Dp  =  Peak  Per  Channel  Deviation  (kHz) 

f  c  Channel  Baseband  Frequency  of 
Interest  (kHz) 

Ip  *  Pre-Emphasis  Improvement 


F-5 
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Useful  Conversions 

1  Nautical  mile  *  6076.1  ft 
1  Nautical  mile  *  1.1508  Statute  mile 
1  Statute  mile  s  0.8690  Nautical  mile 
1  Statute  mile  s  1.609  Kilometers 

1  Kilometer  «  0.6214  Statute  mile 

1  Foot  *  30.48  Centimeters 

1  Meter  *  3.281  Feet 
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APPENDIX  F  CCP  702-1 

MISCELLANEOUS  DATA 

SECTION  II.  SYMBOLS  AND  DEFINITIONS 


b  Channel  bandwidth,  Hz 

Bw  IF  bandwidth  in  Hz 

Dp  The  per  channel  peak  deviation  at  zero  pre-emphasis 

D'p  Per  channel  peak  deviation  for  the  modulating  frequency  with 

the  effects  of  pre-emphasis  included 

=  Dd  Antilog  * 'p 
v  2U~ 

Drms  RMS  per  channel  deviation  (equipment  specifications) 

D'rms  Per  channel  RMS  frequency  deviation  for  any  frequency  in  the 

baseband  having  pre-emphasis 

Ds  Peak  system  deviation  in  kHz 

f  __  The  baseband  frequency  of  interest 

fmax  Maximum  baseband  frequency 

f0  Lowest  baseband  frequency 

fp  Modulating  (pivot)  frequency 

fr  Circuit  resonant  frequency  =  1.25  fmax 

f^  Test  tone  frequency  required  for  first  carrier  dropout 

Ip  Pre-emphasis  improvement  for  the  frequency  of  interest 

-21 

k  Boltzmann's  constant  =  1.38  x  10  v/atts  -  sec 

0 Kelvin 

K  A  numerical  factor  depending  upon  allowable  distortion 

Ln  (dBmO)  Required  test  Lone  level  for  first  carrier  dropout 
M  Modulation  index 

N  Number  of  channels 
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HF  Noise  figure 

K]  fo/fmax  *  Latest  baseband  frequency  divided  by  the  maximum 

baseband  frequency 

r2  fmax/fmax  =  baseband  frequency  divided  by  the  maximum 

baseband  frequency  =  1 

RSL  Receive  Signal  Level  (dBm) 

S/N  Signal  to  noise  ratio  (dB) 

t  Pre-emphasis  circuit  time  constant 

T  290  degrees  (Kelvin) 

Tfw  FM  threshold  (dBm) 

dBa  (FTA)  weighted  circuit  noise  in  dBa  measured  on  a  line  by  a 

noise  measuring  set  with  FTA  weighting 

NOTE:  1  milliwatt  of  a  1  kHz  modulating  tone  reads  +85  dBa, 
but  the  same  white  noise  power  (300-3400  Hz)  will  read 
+82.5  dBa  due  to  frequency  weighting. 

dBaO  Circuit  noise  power  in  dBa  referred  to  or  measured  at  a  point 
of  zero  relative  transmission  level  (0  TLP) 

NOTE:  It  is  preferred  to  convert  circuit  noise  readings  from 
dBa  to  dBaO  as  this  makes  it  unnecessary  to  know  or 
state  the  relative  transmission  level  at  point  of 
actual  measurement 

dBm  Power  in  dB  relative  to  1  milliwatt 

dBmO  dBm  referred  to  or  measured  at  a  point  of  zero  transmission 
level 

d&op  (dB» pwpbometrically  weighted)  Unit  of  noise  power  in  dBm 
measured  with  psophometric  weighting.  Conversion  as  follows: 

dBm  (psoph)  =  dBm  -2.5  (for  flat  noise  300  -  3400  Hz) 

dM$  Circuit  noise  frr  dBmO  measured  on  a  line  with  a  noise 
measuring  set  having  psophometric  weighting 
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dBrn  or 
dBrnC 

dBrnCO 


| 


1  Cl 


(Decibels  above  reference  noise)  Weighted  circuit,  noise  power 
In  d3  reference  1  pw  (-90  dBm)  which  is  0  dBm.  Type  of 
weighting  indicated  '.n  parenthesis. 

NOTE:  a.  With  "C"  message  weighting,  a  i  milliwatt  1  kHz  tone 
will  reid  +90  dBrn,  but  the  same  power  with  white 
no r>e  randomly  distributed  over  a  3  kHz  band 
(300  -  3^00  Hz)  will  read  +88.5  dBrn 

b.  With  14*-"  weighting  a  1  milliwatt  1  kHz  tone  w-11 
read  +90  dBrn,  but  a  3  kHz  band  of  white  noise  will 
read  +82.5  c3rn  due  to  the  different  frequency 
weighting 

c.  With  "FIA"  weighting  a  1  milliwatt  1  kHz  will  read 
+85  dBrn,  but  with  a  3  kHz  band  of  white  noise  will 
read  +82.5  dBrn  due  to  the  different  frequency 
weighting 

1144-line)  Weighted  circuit  noise  power  in  dBrn,  measured  on  a 
line  by  a  noise  measuring  set  with  144  line  weighting 

(C-message)  Weighted  circuit  noise  power  in  dBrn,  measured  on 
a  line  by  a  noise  measuring  set  with  C  message  weighting 

Noise  measured  in  dBrnC  referred  to  zero  transmission  level 
point.  (0  TLP) 

-1 2 

(Pi cowatt  equal  to  10  watt  or  -90  dBm)  A  unit  of  absolute 
power  used  for  both  weighted  and  unweighted  noise 

10  log-jo  pW  =  dBm  -90 

(pW  psophometrically  weighted)  Noise  power  measured  in 
pi  cowatts  via  a  CCIF  psophometric  filter. 
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MISCELLANEOUS  DATA 

SECTION  III.  STATION  GROUND  MEASUREMENT 

T-49  RESISTANCE  OF  STATION  GROUND 

1.  GENERAL 

The  purpose  of  this  test  is  to  determine  by  means  of  a  Null  Balance 
Earth  Tester  the  resistance  of  the  station  ground.  An  adequate  station 
ground  and  ground  distribution  system  provides  a  common  electrical 
reference  point  for  all  equipment  in  an  area  and  eliminates  any  differ¬ 
ence  of  potential  between  pieces  of  equipment  and  between  equipment  and 
the  earth.  The  acceptable  standard  for  this  test  is  5ft  or  less.  The 
test  method  is  the  fall-of-potential  earth  resistance  test. 

2.  TEST  EQUIPMENT  REQUIRED 

Megger  Null -Balance  Earth  Tester  63220,  Accessory  Kit  63579,  Sledge 
Hammer  (for  driving  ground  rods). 

3.  TEST  PROCEDURE 

With  the  aid  of  site  drawings,  locate  the  connection  of  the  station  i 

1 

\ 

ground  to  the  earth  electrode.  After  this  electrode  has  been  located, 
the  test  instrument  should  be  connected  as  shown  in  Figure  1.  The  Null 
Balance  Earth  Tester  should  be  located  as  close  to  the  earth  electrode 
as  possible.  Terminals  Pi  and  Cl  on  the -test  instrument  are  connected 
to  the  earth  electrode  under  test.  (This  configuration  removes  the 
resistance  of  the  test  lead  from  the  measured  valued).  The  first 
reference  rod  "C2"  should  be  placed  as  far  from  the  earth  electrode  as 
practical;  this  distance  will  probably  be  limited  by  the  geography  of 

1 

the  surroundings.  The  distance  should  be  a  minimum  of  100'  from  the  j 

| 
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ea.’th  electrode.  Table  A  is  a  useful  suida  to  P2  and  C2  placement  when 
a  grid  ground  is  to  be  tested. 

PIAG0HAL.QIHN$1QN;  DISTANCE  E-P2  DISTANCE  E-C2 


4- 
6 
8 
10 
12 
14 
16 
18 
20 
40 
60 
80 
100 
120 
140 
160 
180 
200' 

The  potential -reference  rod  *92* 
line  between  the  earth  electrode 


62 

100 

78 

i 

1?.5 

87 

140 

99 

100 

105 

170 

118 

120 

124 

200 

130 

210 

136 

220 

198 

320 

242 

390 

279 

450 

310 

500 

341 

550 

366 

590 

397 

640 

422 

680 

440 

710 

driven  in  at  i  point  on  *  straight 
I  "C2“  and  at  a  distance  from  the 
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earth  electrode  that  is  62 %  of  the  distance  from  the  earth  electrode 
to  reference  rod  "C2“.  The  leads  should  be  corrected  to  the  rods  and 
instrument.  On  the  instrument  set  the  range  switch  toxO.Ol  and  the 
digital  readout  of  the  balancing  resistor  dials  toi’999;  Turn  the 
generator  crank  slowly  and  note  the  galvanometer  deflection.  If  the 
deflection  is  positiove  (+) ,  increase  range  factor  to  xO.l  or  higher 
till  the  defection  becomes  negative  (-).  When  the  deflection  is  (-) 
decrease  value  of  the  balancing  resistor,  digit  by  digit,  starting 
with  the  left  knob,  then  the  center  and  finally  tne  right  knob,  until 
the  galvanometer  is  nulled.  The  generator  must  be  cranked  while  all 
adjustments  on  the  balancing  resistor  are  maae.  The  cranking  speed 
of  the  generator 'should  be  a  minimum  of  160  rpm  for  maximum  sensitiv¬ 
ity.  To  avoid  the  effects  of  stray  currents  in  the  soil,  it  may  be 
necessary  to  increase  the  cranking  speed  to  200  rpm  or  more. 

Resistance  Under  Test  =  Dial  reading  x  range  factor 
DATA  RECORDING 

a.  Complete  the  top  of  Data  Sheet  G-l  (Test  Cover  Page). 

b.  Make  comments  as  necessary  on  Data  Sheac  6-1,  .deluding 
historic  data  where  available  (stating  resistance,  date,  and  source 
of  information;  and  a  listing  of  applicable  drawings. 

c.  Complete  the  data  requirements  of  Data  Sheet  T49-1  as  follows: 
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1.0  STATION  GROUND 

1.1  Enter  the  measured  resistance  of  the  earth  electrode. 

1.2  Enter  the  distance  E-C2;  Indicate  feet  or  meters. 

1.3  Enter  the  distance  E-P2;  Indicate- feet  or  meters. 

1.4  Describe  the  station  ground  commenting  on  the  soil  type,  soil  condition, 

«  i 

condition  of  the  earth  electrode  assembly,  marking,  type  of  connections, 
station  ground  distribution  box,- provision  for  watering,  etc. 

1.5  Enter  the  size  of  the  station  ground  conductor  (l.e.  •  1000  MCM,  4/0 
AWG,  2  AWG,- 3"  xV  Cu  Bar,  2"  x  10  6A  Cu  Strap,  braid,  etc.) 

1.6  Enter  the  type  of  chemical  treatment  used  (l.e.  None,  Magnesium 
Sulphate,  Copper  Sulphate,  Sodium  Nitrate,  Calcium  Chloride,  Sodium 
Chloride,  Iron  Sulphate,  Potassium  Nitrate,  Amnonlum  Nitrate,  activated 
charcoal,  coke,  etc.) 

2.0  INTERIOR  GROUND  DISTRIBUTION 

2.1  Describe  the  Interior  ground  distribution  commenting  on  condition, 
marking,  Insulation,  connectors,  branching,  etc. 

2’.2  Enter  the  size  of  the  Interior  ground  feeder  (l.e.  -  750  MCM,  4/0  AWG, 

2  AWG,  etc.) 

2.3  Enter  the  size  of  the  rack  ground  feeder  (l.e.  -  2  AWG,  6  AWG,  etc.) 

3.0  EXTERIOR  GROUND  DISTRIBUTION 

3.1  Describe  the  exterior  ground  distribution  commenting  on  condition, 
marking,  method  of  connection  and  bonding,  list  of  major  Items 
connected. 
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3.2  Enter  the  size  of  the  exterior  ground  feeder  {'i.e.  -  500  MCM,  2/0  AWG, 
2  AWG,  etc.) 

3.3  Enter  the  size  of  the  exterior  ground  distribution  conductor  (i.e. 

2/0  ASS.  t  &S,  etc.) 
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data  snerr:  t<;9-i 


0C6  LINK  STATION  UNDER  TEST 


TEST  E;vG3. 


1.0  STATION  GROUND 


u 


LZ  DISTANCE  E-C2 


«E=  _ ft 


l#4  GENERAL  DESCRIPTION  OP  STATION  GROUND 


•  I  1.3  0U>  VANCE  E-P2 


1.8  STATION  mom>  CONDUCTOR 


1.6  CHEMICAL  TREATMENT 


2.0  INTERIOR  GROUND  DISTRIBUTION 


2.1  MNERAL  OCBCMHTON  Of  INTERIOR  9R0UND  DISTRIBUTION 


2.2  INTERIOR  OROUNO  FEEDER  CONCUC 

■ 

ZJ5  RACK  GROUND  i 

OCR  CONDUCTOR  • 

3.0  EXTERIOR  GROUND  DISTRIBUTION 
- - - - - — - - - - - 

i 

3.1  SCNERAL  DESCRIPTION  Of  EXTERIOR  6R0UN0  DISTRIBUTION 


12  EXTERIOR  MOUND  PEEOER  CONDUCTOR 


•  33  EXTERIOR  OROUNO  DISTRIBUTION  CONDUCTOR 


INTimni  irriQN 

IV  *il, unatc  sensitivity  of  a  detection  system  is  set 
l>y  .tl.  hoim*  presented  to  the  hvsu in  with  the  Mgnuh 
In  nddhion.  any  detection  system  adds addiuonal  noise 
in  it%  detection  and  amplification  process.  Since  the 
noise  contribution  of  the  detection  system  is  usually 
the  n  tgor  of  these  two,  and  since  the  level  of  input 
noise  is  generally  beyond  our  control,  our  approach  is 
to  study,  measure,  arid  attempt  to  minimize  the  noise 
contribution  of. the  detection  system. 


Fquation  (2)  defines  the  available  noise  power  from 
the  original  resistance.  The  ac tua l  noise  power 
dissipated. in  the  load  resistance  could  be^affected  by 
any  loss  in  the  connecting  leads,  a  less  than, perfect 
match  to  the  original  resistance  and  the  noise  power 
generated  within  the  load  resistance  itself. 

In  systems  operating  at  frequencies  where  voltages 
and  resistances  cannor  be  clearly  defined*  equation (2) 
becomes  the  usable  expression,, containing  terms  that 
can  be  measured. 


* 


13ASU '  CUMSIORRATIONS 

A  microwave  Input  terruinuUoi  h  h  a  certain  af^oi  nt 
of  available  noise  power  which  it  can  deliver  3 
matched  system,  For  definition*-.,  let’s  first  consider 
lower  Irequencies  where  we  can  work  with  lumped 
constants. 


In  certain  low  noise  applications,  a  .deliberate  (and 
carefully  determined)  mismatch1  is  created  between 
the  input  termination  and  the  detection  device.  This 
technique  couples  less  than  the  available  termination 
noise  power  t^TB)  into  the  detection  device.  However, 
this  system  consideration  is  beyond  the  scope  of  this 
ar^cle. 


A  resistance  R  attemperature  T  generates  across  v 
open-circuited  terminals  a  voltage  resulting  from 
random  motion  of- free  electrons,  thermally  agitated 
1  ids  "noist  voltage”  o„  is  infinitely  hroadbanded  and 
i  an  bo  defined  by  the  equation, 

#  4k TH  (volts)-/unu  frequency  bandwidth 

where 

k  «  Boltzmann’s  constant,  1.374  x  l0~23  jouL7uK 

T  absolute  temperature,  °K 

R  *  resistance  (or  resistive  component  of 
impedance) 

3  -  bandwidth 

Generally  our  noise  considerations  will  be  concerned 
with  a  finite  bandwidth,  and  we  may  usethe  more  famil¬ 
iar  notation  of  the  equation. 

c,,2  -  4kTRB  f  1) 

U  tin  resistance  R  is  connected  to  a  matched  load  ret- 
istance  (R^  *  R),  maximum  wanster  of  the  noise 
power  will  occur.  Noise  power  Pn  dissipated  in  the 
load  resistance  R^  due  to  the  noise  voltage  generated 
in  the  original  resistance  R  will  have  the  value 

Pn  -  WB  (2) 


in  a  microwave  receiver,  the  “input  termination”  is 
an  antenna  coupled  to  the  atmosphere;  in  an  IF  strip, 
the  input  termination  is  generally  a  mixer  of  some 
son.  In  either  case,  the  termination  has  an  available ' 
noise  power  given  by  Pn  *kTB;  If  there  were  a  per-, 
feet  amplifier  or  leceiver  which  added  no  noise  in  the 
amplification  process  (and  if  it  WordPerfect1, y  matched 
to  its  input  termination)  its  output  noise  power  would 
be  kTBG,  where  G  is  the  power  gain  of  the  system, 

A  figure  of  merit  for  an  actual  microwave  receiver 
or  IF  amplifier  is  the  ratio  of  actual  output  noise 
power  when  T  *  290°  to  the  theoretical  minimum, 
Noise  Figure,  F,  is  this  figure  of  merit  referred  to. 
room  temperature.  (T  »  290°K.) 


P*-Trjxr  <3) 

where  Nj  is  the  measured  noise  power  output  of  the 
system  when  T0  =  290°.  The  perfect  amplifier  would 
of  course  have  a  noise  figure  of  1,  (0  db). 


Of  the  total  noise  power  output  of.  a.  system  .(Nj  = 
kT0BGF)  we  know  that  a  specific  portion  is  the  result 
of  amplified  input  noise  (kT0BG).  Theamountof  noise 
power  added  by  the  receiver  (Nr)  is  the  difference,  or 


Nr  =  Nj  -  kT0BC 
*  (F  -  1)  kT0BG 


(4) 
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noise  Hiami-:  measurements  with 

A  SIGNAL  M-MERATOT - - 


Noise  Figure  (l*‘  •  N|/kToBG)  can  be  calculated  from 
measurement*  taken  by  a  stable,  well -attenuated  signal 
generator  and  suitable  power  meter.  We  can  measure 
T,  which  is  the  temperature  of  the  input  termination 
in  °K;  N|  can  be  measured  with  a  power  meter  at  the 
system  output. 

To  determine  accurately  the  gain  bandwidth  product 
(BG),  it  is  necessary  to  plot  the  response  of  the  system 
and  graphically  integrate  the  curve,,  ji  time-consum¬ 
ing  process.  Approximations  can  be  made  on  the  basil 
of  the  3  db  bandwidth,  which  shortens  the  process. 
After  measuring  die  3  db  points,  there  are  graphs  that 
may  be  entered  to  get  an  approximation  of  the  effective 
noise  bandwidth.  Gain,  of  course,  may  be  easily  mea¬ 
sured  with  a  proper  signal  generator  and  power  meter. 

From  this  data,  noise  figure  may  be  calculated.  Often, 
however,  this  is  only  a  first  step,  because  the  primary 
objective  is  to  minimize  noise  figure  by  repositioning 
components,  by  substituting  crystals  or  tubes,  or 
tuning  filter  networks.  Clearly,  the  many-atep  pro¬ 
cess  represented  by  the  Signal  Generator- Power  Meter 
method  has  limited  value  in  such  a  situation,  since  a 
new  measurement  must  be  made  at  each  readjustment. 


THK  NOISE  SOURCE  AS  A  BROADBAND 

SIGNAL  fjENEKATOir - 

If  n  known  level  of  broadband  noise  can  be  introduced 
at  the  input  of  a  device  under  teat,  a  differential  power 
measurement  at  the  output  would  indicate  a  gain  band¬ 
width  product  of  the  device, 

A  gas  discharge  noise  source  operates  as  an  input 
termination  at  a  very  high  temperature,  and  haa  an 
available  noise  power  much  higher  than  the  normal 
termination.  The  effective  thermal  agitation  of  an 
argon  tube  noise  source,  for  example,  represents  an 
equivalent  temperature  of  approximately  10,000  K° 
compared  with  room  temperature  of  290°K. 

Available  excess  power  from  the  fired  noise  source 
can  be  expressed  in  the  same  terms  as  the  input  term¬ 
ination  , 


where  Tj  is  the  equivalent  absolute  temperature  of 
the  noise  source. 

Since  a  measurement  of  the  device  output  both  with 
and  without  the  additional  noise  power  input  will  give 
an  indication  of  gain-baadwidth  product,  it  is  possible 


to  compute  noise  figure  with  no  further  measurements, 
since  sll  independent  variables  of  equation  (3)  3re 
known. 

Using  the  system  of  figure  1,  consisting  of  an  input 
termination,  an  excess  noise  source,  a  receiver  un¬ 
der  test  and  an  output  power  detector,  it  is  possible 
to  measure  Ni  with  the  excess  noise  source  "cold” 
f  and  to4  measure  N2  with  the  excess  source  fireJ.  N; 
'  is  graphically  illustrated  in  figure  2(a),  and  consists  of 
the  amplified  input  termination  noise  plus  the  noise 
generated  within  the  receiver.  N2,  illustrated  in  fig¬ 
ure  2(b),  consists  ofNj  plus  the  amplified  excess  noise 
power  viewed  at  the  receiver  output. 


RECEIVER 

AD0ED 

NOISE 

N 

INPUT 

TERMINATION  X  0 

(•) 


EXCESS 

NOISE 

X  6 

RECEIVER 

AODED 

NOISE 

J 

INPUT 

TERMINATION  X  6 

Figure  2,  Representation  of  total  noise  power  output 
of  the  system  in  figure  1  when  the  Excess  Noise 
Source  is  "cold”  (Nj),  and  when  the  Excess 
Noise  Source  is  "fired"  (Nj)* 


Taking  the  ratio  of  these  measured  powers  we  have: 

«2  Lga 


Substituting  from  previous  equations,  and  assuming 
measurement  conditions  of  T  »  T<>  •  290°K, 

N2  kT0BG  +  (F-l)kT0BG  +  k(T2-T0)  BG 

“FTp  TT^BC  +7F-T)CT0HG — - - - 

■ - FT - 


Figure  1.  A  typical  noise  figure  measuring  system. 
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and,  finally 


r  0  2  ~  To) 

F  "V 


Converting  to  logarithmic  notation. 


In  equation  (5)  the  ratio  (T2  -  T0)/Tq  *s  a  of 

the  relative  excess  noise  power  available  from  a  noise 
source  and  is  specified  by  the  manufacturer.  In  the 
case  of  argon  gas  tubes,  this  ratio  is  33,1;  10  log 
O  2  -  T0)/T0  is  15.2db.  When  using  such  a  tube  equa¬ 
tion  (5)  simplifies  to, 

»‘db  -  15,2-  l01og(N2/Nj  -  1) 


NOISE  FIGURE  MEASUREMENT  WITH  AN 

EXCESS  WOTSE’gOORCE' - 


liquation  (5)  opens  the  door  to  several  measurement 
uchniques  utilizing  the  excess  noise  source.  We 
shall  consider  the  “twice-power°  and  “Y-FactorM 
manual  techniques  and  an  automatic  approach  to  noise 
figure  measurements. 

A.  Twice-Power  Method  of  Manual  Noise  Figure 
Measurement 

In  actually  measuring  the  “N^1  and  “N2”  of  equation 
(5),  if  N2  was  set  to  be  twice  Nj  then  equation  (5) 
reduces  to: 

<VTo> 

Fdb  -  10  log— 10  log  (1) 

-10  log  (T^T0)/T0 

With  the  proper  equipment,  the  condition  of  Nj  «  2  N* 
can  be  established  by  varying  the  relative  excess 
noise  power  of  the  noise  source.  With  the  equipment 
pf  figure  3,  the  procedure  would  be; 

1)  Set  a  convenient  reference  on  the  power  detector 
with  the  excess  noise  source  “cold”and  the  3  db 
pad  out,  This  is  Nj. 

2)  Insert  the  3  db  pad  and  fire  the  excess  noise 
source. 


3)  Vary  the  rotary  vane  attenuator  until  the  orig¬ 
inal  power  detector  reference  point,  is  reached. 
This  creates  a  condition  of  N£  *-2  Nj. 

Figure  4  illustrates  this  condition,  in  which  the  out¬ 
put  noise  power  contributed  by  the  excess  noise  source 
exactly  equals  the  sum  of  the  amplified  input  termi¬ 
nation  noise  plus  the  receiver  noise  contribution. 
Since  this  excess  noise  ratio  was  adjusted' with  the 
attenuator  to  be  equal  to  input  termination  noise  plus 
receiver  noise  (thereby  causing  N2  c  2  Nj),  from 
equation  (5)  it  can  be  seen  that  the  attenuated  excess 
noise  ratio  is  equal  to  the  noise  figure  of  the  receiver. 
In  the  case  of  an  argon  source,  it  can  be  read  as 
15.2  db  minus  the  attenuator  setting  (in  db). 


EXCESS  NOISE  X,  & 

RECEIVER  ADDED  NOISE 
INPUT  TERMINATION  X  G 


M 


Figure  4.  Representation  of  total  noise  power  output 
for  the  “twice-power”  method  of  manual  nolee 
figure  measurement. 


While  the  attenuator  reduces  the  amount*  of  excess 
noise  injected  into  the  system,  it  has  no  effect  on  in¬ 
put  termination  noise  power  If  the  termination  and 
attenuator  are  at  the  same  temperature,  since,  regard¬ 
less  of  the  amount  of  attenuation,  when  the  excess 
noise  source  is  cold  the  receiver  input  is  still  looking 
at  a  matched  Input  at  temperature  T. 

B,  -'Y-Factor1*  Method  of  Noise  Figure  Measurement 

A  method  closely  resembling  the  “Twice- Power” 
method  involves  the  determination  of  the  numerical 
ratio  N2/N1  (which  Is  called  Y-Factov)  and  the  cal¬ 
culation  of  noise  figure  by  substitution  in  equation  (5). 


Figure  3.  The  “twice-power"  method  of  manual  noise  figure  measurement. 
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In  practice,  Hit:  Y-Factor  method  generally  makes  use 
of  an  IF  a  ttenuator  with  a  power  indica tor  set  to  a  con¬ 
venient  reference.  The  IF  attenuator  change  in  going 
fiom  source  OFF  to  source  ON  then  yields  the  Y-Fac- 
tor,  which  is  then  entered  in  the  equation.  Graphs 
are  also  available  for  specific  values  of  relative  ex¬ 
cess  noise.  with  co-ordinates  calibrated  in 11  Y-Factor” 
and  noise  figure.  (See  figure  5.) 


oe 


Figure  5,  A  “Y-Factor”  chan  for  determining 
noise  figure  with  a  15,28  db  excess  noise  source. 


0.  Automatic  Noise  Figure  Measurements 

While  manual  measurements  yield  valid  results,  they 
still  represent  a  tedious  process, ..and  are  often  not 
easily  accomplished  by  unskilled  personnel,  And 
since  there  is  not  a  continuous  indication  of  noise 
figure,  the  work  of  reducing  noise  figure  la  consider¬ 
ably  slowed  by  the  necessity  of  a  new  measurement 
after  each  circuit  change. 


To  fill  the  need  for  a  direct- reading,  continuously 
indicating  noise  figure  meter,  at  least  three  auto¬ 
matic  systems  have  been  devised.  All  depend  on  the 
periodic  insertion  of  known  excess  noise  into  the  sys¬ 
tem,  This  results  in  a  pulse  train  of  2  pulse  levels, 
Nj  and  Nf,  The  pulse  train  typically  is  amplified  in 
an  IF  strip  and  then  separated  into  two  distinct  levels 
by  selective  gating.  These  levels,  together  with  the 
amount  of  excess  noise  insertion,  contain  the  inform¬ 
ation  needed  to  directly  Indicate  the  noise  figure  on  a 
meter  face. 


The  three  automatic  systems  differ  in  their  method.of 
indication.  One  approach  uses  a  special  ratio  resolv¬ 
ing  meter  movement  which  responds  to  the  ratio  of  the 
two  signal  levels  In  a  manner  similar  to  a  wattmeter 
movement.  Such  a  meter  movement  is  quite  expensive, 


however,  and  in  general  has  not  achieved  wide  accept¬ 
ance  in  this  country. 


Another  method  uses  AGO  in  its  IF  amplifier  to  hold 
constant  the  value  (N2  ■+  N  i)/2  and  measures  N2-  Nj. 
This  contains  rhe  necessary  information  to  measure 
noise  figure,  and  is  especially  useful  in  very  high 
„  noise  figure  cases,  where  Nj  is  close  in  value  to  N2. 
In  such  cases,  the  difference  of  the  levels  is  more 
definitive  than  their  ratio. 


A  third  approach  actually  measures  the  ratio  N2/N1 
and  displays  this  ratio  on  a  meter  face  calibrated  by 
the  equation: 

Fdb*  15.2  -10  log  (N^-l) 

Such  an  instrument  is  shown  in  simplified  block  dia¬ 
gram  form  in  figure  6. 


In  operation,  the  gating  source  pulses  the  noise  source 
at  a  rate  of  500  cps;  Nj  and'N2  pulses  arrive  at  the 
IF  amplifier.  Noise  sources  have  a  finite  noise  build¬ 
up  time,  so  the  IF  amplifier  is  gated  to  pass  only  the 
final  amplitudes  of  Nj  and  N2  to  the  square  law  detec¬ 
tor.  The  detected  N2  pulse  is  switched  to  an  AGC 
integrator,  where  a  voltage  for  gain  control  of  the  IF 
amplifier  is  derived,  The  time  constant  of  this  cir¬ 
cuit  is  made  long  enough  to  control  the  IF  amplifier 
gain  even  when  the  Nj  pulse  is  passing  through  it, 
Since  the  AGC  action  keeps  the  detected  N2  pulse  at 
a  constant  level,  a  measurement  of  the  detected  Nj 
pulse  is,  in  effect,  a  measurement  of  the  pulse  ratio. 
The  Nj  pulse  is  measured  by  switching  it  to  the  meter 
integrator  and  meter. 

Convenient  internal  calibration  of  the  meter  is  accom¬ 
plished  by  artificially  creating  readings  of  “+  «o”and 
By  pulsing  the  noise  source  during  both  the 
N2  and  NJ  time  periods,  we  obtain  a  condition  of  N2  » 
Ni,  In  the  formula  F<jb  *  15,2  -  101og(N2/Nj  -1) 
this  condition  results  in. a  noise  figure  of  +  ».  The 
artificial  condition  of  F  *  would  correspond  to, an 
“Nj”  value  of  “0”.  This  can  be  created  by  gating 
“off”  the  IF  amplifier  during  the  “Nj”  time  period. 
1!  the  metering  circuit  is  designed  to  be  a  linear  indica¬ 
tor  of  the  power  of  ”Nj”  (square  law  detector)  and  the 
meter  minimum  position  is  calibrated  as  -  and  the 
full  scale  deflection  as  +  «•  ,  all  other  points  on  the 
meter  face  can  be  calculated  by  the  formula  Fak  * 

15,2  -  10  log  (N2/N1  -  1).  For  example,  an 
ratio  of  1/2  would  bring  about  a  mid-scale  reading. 
From  the  formula  this  mid-scale  reading  is  calculated 
to  be  15,2,  In  a  similar  fashion  the  balance  of  the 
scale  is  calibrated. 


Figure  7  is  an  actual  meter  face  from  an  automatic 
noise  figure  meter.  In  addition  to  calibration  for 

15.2  db  excess  noise  sources,  it  is  calibrated  for 

5.2  db  temperature-limited  diode  sources.  The  linear 
current  scale  is  used  in  adjusting  noise  source  exit- 
atlon  current. 
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Figure  j6.  Simplified  block  diagxam  of  automatic 
noise  Cieure  measurement  system. 

NETWORKS  IN  CASCADE 

The  effects  of  the  noise  contribution  networks  in 
cascade  can  be  seen  in  figur  8.  This  ill  i  rntion 
shows  the  input  termination  and  three  nuwoiks,  each 
with  gain  G  and  noise  figure  \\  The  power  graphs 
assume  that  each  network  is  active  with  gain  greater 
titan  1.  However,  the  analysis  will  be  equally  va> id 
for  passive  networks  with  gain  less  than  L 


2  and  3,  the  noise  power  appears  at  the  output  as 
(F^  -  1)  kTOjC^Gj.  Similarly,  the  output  noise  con¬ 
tributed  by  network  2  is  (F2  -1)  kTBGaGgpand  from 
network  3,  (F3  -1)  kTHC^.  The  system  noise  figure 
(Fs)  is  the  ratio  of  actual  noise  power  output  to  noi;.e 
power  output  contributed  by  the  .input  termination. 

r  Total  noise  output 


kT BG1G2G3+  (Fj  -  OkTBCjG^ 


(F2  -  l)kTBG2G3  +  (F3  -  l)kTBC3 

+  kTBGjC^Gj 

((■2-l)  (l:3  -  1) 

=  f'l  ■*  Gj  +  G,G2 

The  general  equation  for  the  noise  figure  of  networks 
in  cascade  is  then 


■V1 


-  1) 


<V>>  . 

"W  G/!3'"(Vl) 


It  can  be  seen  that  overall  noise  figure  of  any  cas¬ 
caded  amplifying  system  depends  primarily  on  noise 
figure  of  the  nrst  stage.  The  effects  of  subsequent 
stages  is  reduced  by  the  gain  up  to  that  point,  The 
use  of  a  passive  stage  with  gain  less  than  1,  on  the 
other  hand  increases  the  importance  of  the  subse¬ 
quent  stage's  noise  figure. 


The  input  termination  supplies  a  noise  power  kTB 
which  is  amplified  by  the*  thm*  networks  aud  dppvais 
at  the  output  as  kTB  GiG2G3, 

The  noise  contribution  ot  network  i  ^by  equation  4}  is 
(Fj  -1)  kTBGj.  When  further  amplified  by  net  wo  a  ha 


Figure  7.  Meter  face  frtm  an  auK  >atic 
noise  figure  meter. 


ACCURACY  CONSIDERATIONS 

Up  to  this  point  we  have  deliberately  ignored  several 
possible  sources  of  error.  Actual  measurement 
techniques  must  consider  the  possibility  of  system 
errors  caused  by  mismatch,  temperature,  and  image 
and  spurious  responses.  The  instrument  accuracy 
of  the  noise  source  and  noise  figure  meter  should 
also  be  considered. 

A.  Temperature 

In  the  derivation  of  equation  (5), 

(T2  -  T  )  N2 

F  «l0loP-4— 2.  -lOlog^.-  1) 

0  1 

the  ambient  temperature  was  assumed  to  be  290,  hence 
T0  cancelled  out  of.  all  terms  except  the  figure  "10  log 
(T2'To)A^o)M*  t2  is  the  equivalent  fired  temperature 
of  the  noise  source.  In  specifying  the  relative  excess 
noise  power  of  a  noise  source,  the  manufacturer  knows 
the  value  of  T2  and  rates  the  tube  in  terms  of  the  stand¬ 
ard  temperature,  290°K  (62;6°F),  A  variation  of  20° 
from  the  assumed  290°,  for  example,  would  cause  an 
error  of  about  0.3  db  in  measured  noise  figure. 

B,  Mismatch 

Noise  power  obeys  all  power  transfer  laws.  But  since 
it  is  random  in  phase,  mismatches  cause  ambiguous 
errors  rather  than  known  amounts  of  power  loss.  In 
the  automatic  noise  figure  meter  measuring  the  ratio 
of  N2/Nj,  a  mismatch  affecting  both  pulses  does  not 
affect  accuracy,  since  the  ratio  remains  unchanged. 
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INPUT 

TERMINATION 


(Fj-I)k  T  80j 


(Fj-llk  T  BGjGj 


(Fj-ltk  T  BGj 


(Frl)kT  BG,G, 


(F,-llkT  BG,C,G, 


k  T  60,  Cj 


NETWORK  2 
<GaFt) 


kt  60,6,0, 


NETWORK  3 

(  6}  Fj) 


l?i^nre  ft,  Tlio  effects  of  noise  contiibutioo  of  networks  in  cascade, 


The  critical  matching  situation,  then,  involves  the 
excess  noise  source.  Noise  sources  are  rated  in 
available  exerss  noise  power;  thus  mismatches  will 
cause  an  ambiguous  amount  of  excess  noise  power  to 
be  coupled  to  l he  system.  Figure  9  shows  the  effect 
of  several  possible  conditions  of  mismatch, 

Note  that  the  jxiaslble  error  is  maximum  at  low  noise 
figures  where  the  greatest  accuracy  is  usually  desired! 
The  importance  of  well- matched  .noise  sources  over 
the  entire  frequency  rai^e  of  interest  is  apparent. 
Hewlett-Packard  waveguide  sources  are  rated  as  1.2 
maximum,  and  typically  are  better  than  1.1.  #  Diode 
sources  are  1.3  or  better  over  most  of  their  rated  band. 


iu  using  a  broadband  excess  noise  source,  an  auto¬ 
matic  noise  figure  meter  measures  the  truenoiseffg- 
ure  of  the  total  pass  band  of  the  device  under  test.  If, 
in  its  operation,  the  device  does  not  utilize  the  full 
pass  band  for  signal  information  (as  would  be  the  case 
of  a  radar  receiver  with  an  image  response)  its  oper¬ 
ating  noise  figure  will  be  higher  than  the  measured 


noise  figure.  This  apparent  noise  figure  can  be  cal¬ 
culated  by  the  equation: 

Operating  Fdb  •-  F(Jb  (reading)  +  10  iog  (B^B^, 

where  h.  is  the  total  bandpass  of  the  device,  and 
B^is  the  operational  bandpass. 

This  equation  is  a  convenient  simplification  that 
assumes  constant  gain  in  the  device  under  test. 


D.  Excess  Noise  Source  Accuracy 


At  the  present  time,  accuracy  of  pulse  type  gaseous 
discharge  noise  source  tubes  is  specified  ±  0.5  db, 
for  the  National  Bureau  of  Standards  has  not  yet  pro¬ 
vided  a  certification  for  pulse-operated  tubes.  How¬ 
ever,  NBS  does  offer  certification  for/cw  operation  at 
9.0,  9.8,  and  11.2  gc  to  ±  0.1  db.  The  Red  Bank 
Division  of  Bendix  Corporation,  Eatontown,  N.J.,  also 
offers  cw  certification,  with  some  additional  un¬ 
certainty  over  that  of  NBS. 
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MEASURED  NOISE  FIGURE.  -  db 


Figure  9,  Typical  error  effects  for  several  possible  conditions  of 
mismatch  between  noise  source  and  receiver. 
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Temperature- limited  diode  sources  can  be  made  to 
much  closer  specifications,  Iwt  are  limited  to  the  vhf 
region  and  below. 

Correction  of  the  excess  noise  ratio  of  a  noise  source 
is  sometimes  necessary  to  take  into  account  conditions 
of  temperature  varying  from  the  standard  29CPK  (see 
page  6) .  This  is*  especially  true  of  diode  sources  where 
the  heat  of  the  temperature-limited  diode  tends  to 
raise  the  ambient  temperature  of  the  output  resistor, 

£.  Noise  Figure  Meter  Accuracy 

The  automatic  no  la  ©figure  meters  manufactured  by 
the  Howlett-Packard  Company  are  specified  accurate 
within  il/2  db  over  most  of  their  range,  ±1  cflpover 
the  remainder.  This  accuracy  specification  includes 
the  effects  of  meter  tracking,  variation  from  square 
•law,  and  aging  effects.  With  the  current  specifica¬ 
tions  of  noise  sources,  and  the  possible  errors  caused 
by  mismatch  and  temperature,  such  meter  accuracy 
would  seem  to  be  consistent  with  overall  system 
accuracy. 

For  measuring  low- noise  devices,  a  modified  noise 
figure  meter  which  provides  increased  resolution  and 
accuracy  is  available  on  special  order.  The  modifi¬ 
cation  expands  a  4-db  portion  of  the  scale  (up  to  6  db) 
over  the  toll,  range  of  the  meter  scale.  Noise  figure 
meter  accuracy  in  the  expanded  mode  of  operation  is 
i  0.2  db;  either  expanded  or  normal  operation  can 
be  selected. 

NOISK  FIGURE  INSTRUMENTATION 

Hewlett-Packard  has  the  following:  equipment  pre¬ 
sently  available  for  making  automatic  noise  figure 
measurements,  > 

Model  340B  Noise  Figure  Meter.  When  used  with  an 
noise  source,  automatically  measures  and  contin¬ 
uously  displays  the  noise  figure  of  IF  or  rf  amplifiers 
tuned  to  30  or  60  me  and  of  radar  or  microwave  re¬ 
ceivers  with  intermediate  frequencies  of  30  and 60  me. 
(Collectively,  £  noise  sources  cover  frequencies  from 
10  me  to  18  go.) 

Model  342A  Noise  Figure  Meter.  Is  similar  to  ^ 
Model346B  except  that  it  operates  on  five  frequencies 
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between  30  and  200  me.  Fourof  these  frequencies  are 
(10,  70.  105  and  200  me:  the  fifth  is  the  busk*  342A 
tuned  amplifier  frequency  of  20  me 

Model  DY-344A  Noise  Figure  Met er.  P r o v id es  co n ■ - 
frnuous  noise  figure  measurement  on  operating  radars. 
Usable  with  radar  receivers  in  any  rf  range  for  which 
noise  sources  are  available,  the  344A*  permits  optim¬ 
izing  the  noise  figure  during  operation.  High  sensitivity 
permits  decoupling  the  noise  source  up  to  20  db  from 
the  main  transmitter  line  to  minimize  degradation  of 
the  system. 

Model  343VHF  Noise  Source.  Specifically  for  IF  and 
rf  amplifier  noise  measurement,  a  temperature-lim¬ 
ited  diode  source  with  broadband  noise  output  from  10 
to  600  me. 

Model  345B  IF  Noise  Source.  Operates  at  either  30 
or  60  me,  as  selected  by  a  switch  (other  frequencies 
between  10  and  60  me  on  special  order),  Another  sel¬ 
ector  permits  matching  50,^  K'Of  200  and  400  ohtu 
^impedances, 

Model  347A  Waveguide  Noise  Sources.,  Argon  gas 
discharge  tubes  mounted  in  waveguide  sections.  For 
all  frequencies  from  2.6  through  18.0  gc,  providing 
uniform  noise  throughout  range;  maximum  swr  of  1.2. 

Model  349A  UHF  Noise  Source.  Argon  discharge  tube 
for  automatic  noise  figure  readings  on  scatter  com¬ 
munications  receivers,  L-band  radars,  parametric 
amplifiers,  or  other  devices  400  to  4,000  me.  The 
source  can  also  be  furnished  with  a  neon  discharge 
tube. 

For  detailed  information  and  specifications  on  any  of 
these  noise  figure  devices,  please  contact  your  nearby 
Hewlett-Packard  field  engineer. 

ADDITIONAL,  INFORMATION 

Two  Issues  of  the  ^  laboratory  publication,  the  Hew« 
lett- Packard  Journal,  also  contain  information  oh 
noise  figure  and  the  operation  of  the  $  noise  figure 
devices,  A  limited  number  of  copies  are  on  hand, 
and  are  yours  for  the  asking;  For  a  copy  of  each 
issue  (Vol.  9,  No.  5  and  Vol.  10,  No.  6-7),  simply 
contact  your  local  Hewlett-Packard  field  engineer. 
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Microwave  System  Engineering  Using  Large 
Passive  Reflectors* 

M ERVIN  L  NORTON f,  mkmhfu,  iiu: 


Summary  This  paper  will  provide  tho  microwave  engineer 
vith  Ihe  basic  uchniquos  of  microwave  system  engineering  using 
largo  passive  re  Hectors  and  will  outline  the  many  advantage#  of 
their  use.  Small  passive  roflcctors  of  the  “periscope  typo"  have 
been  used  for  many  years  on  microwave  systems.  Largo  passive 
reflectors  have  also  been  used  but  to  a  much  lesser  degree.  Large 
pawlves  may  be  used  at  intermediate  points  on  long  (200  miles  or 
more)  microwave  links  in  lieu  of  active  repeaters.  Moot  microwave 
eojnieera  have  little  knowledge  of  system  engineering  udng  these 
reflectors.  This  paper  describes  tholr  use  In  both  the  “Tear”  and 
“for  fields”  in  line-of-sight  systems  and  describes  how  they  may 
be  used  on  non-Une-of-sight  systems  (tropospheric  scatter  and 
diffraction  systems).  Formulas  are  developed  and  grapha  provided 
which  will  enable  the  microwave  engineer  to  determb the  path 
Iom  of  multihop  passive  roftector  systems.  Large  passht  reflectors 
should  be  considered  as  another  tool  which  can  be  wed  by  the 
microwave  engineer  for  planning  and  engineering  Cou4  uuleatloii* 
systems.  When  used  effectively  with  llne-of-slght,  dtJ^ction  and 
tropospheric  scatter  modes  of  propagation,  comrnimUi  bon  systems 
may  be  engineered  more  economically,  with  more  rrUbitlty  and 
with  a  decrease  in  tho  operating  and  maintenance  prr  *  ms. 

I.NTUOllUCTION 


OH  MANY  YEARS  microwave  systems  have  used 
passive  reflectors  of  the  "periscope  typn  operating 
in  tho  "near  field”  of  tho  antenna  (Mg,  i  a)).  These 
nmull  passive  reflectors  may  introduce  a  slight  gain  or 
loss  in  the  microwave  system.  Tho  use  of  then  reflectors 
in  the  “near  field”  has  been  adequately  described.*'* 
Passive  reflectors  may  be  used  in  microwave  systems  in 
both  ilia  “near  field”  and  the  “far  field.”  Even  it  early  as 
1945  while  microwave  systems  were  still  in  then  infamy, 
pioneering  experimentation  and  testing  of  pav  he  re¬ 
flectors  in  both  tho  "near  field”  and  “far  field”  was  being 
romluolcd  by  the  U,  S,  Army  Signal  Research  a.ud  De¬ 
velopment  Laboratory,  Fort  Monrnuuth,  N.  J.,  formerly 
the*  Signal  Corps  Engineering  Laboratories#/  Largo  re¬ 
flectors  may  be  used  in  this  imwme;  to  extend  tta  distance 


*  Received  April  12,  1902  The  views  el  tn©  author  do  not 
nmwmrily  reflect  ihe  position  ©i  u.v  Ltpiu Uutufc  U  Aimy  <n 
the  Signal  Corps. 
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Fig  1  T,ypes  of  passive  antenna  systems,  (a)  Periscope  type, 
(b)  Two  hop  system  using  slnglo  passive  reflector,  (c)  Three  hop 
system  using  single  and  double  passive  reflectors,  (d)  Three 
hop  system  using  back-to-back  antennas. 


between  two  active  microwave  terminals  or  ill  lieu  of 
active  microwave  repeaters,  A  few  articles  have  been 
published  *he  use  of  large  passive  reflectors  operating 
in  the  “far  held”*-" 

Most  microwave  engineers  have  very  little  knowledge  of 
system  engineering  using  large  passive  reflectors  even 
though  these  reflectors  have  been  widely  used  in  hundreds 
of  different  locations  primarily  in  mountainous  ureas.  It 
is  commonly  believed  that  large  passive  reflectors  are 

1  H.  Mugnuski  and  T.  F.  Koch,  “Passive  repeater  bands  micro¬ 
wave  beam,*'  Electronics ,  vol,  26,  p.  134;  February,  J953. 

I  R.  F  H.  Yang,  "Passive  repeater  using  double  flat  reflectors, " 
1957  IRE  National  Convention  Record,  nt,  1,  pp.  36-41. 

’F.  Cappuccini  and  F.  Casparini,  “Passive  repeater  using 
double  flat  reflectors.”  Proc.  IRE,  vol.  46,  pp.  784-785;  April,  1958. 

19  R.  Aschden,  “Passive  relay  by'  microwave  mirror,”  1 SF  et  TV, 
vol.  33,  pp.  6-7;  January,  1958. 

II  R.  Aschden,  “Passive  TV  relay  and  its  practical  possibilities," 
TSP  €t  TV.  vol  33,  pp.  329-330;  November,  1957. 

'*  ITT.  “Reference  Data  for  Radio  Engineers,”  Stratford  Press, 
New  York,  N.  Y.,  4th  ed..  p.  <67:  1957. 
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practical  only  if  they  aro  used  on  microwave  systems  where 
the  roileetur  is  located  near  one  end  of  the  path.  They  are 
more  efficient  if  located  near  one  end  of  the  microwave 
path;  however,  they  may  also  be  used  on  paths  of  200  or 
morv  miles  (Fig.  1(b)  and  1(c))  including  diffraction  and 
tro|MH|)heri<*.  .scatter  paths.  The  use  of  tropospheric 
scatter  type  equipment  (high  power  transmitters  and  very 
sensitive  receivers)  greatly  increases: the  versatility  of 
largo  passive  reflectors,  Two  antennas  connected  back-io- 
lt;t*  \\  by  tt  short  transmission  line  may  also  be  used  as  a 
passive  repeater  (Fig,  1(d)).  However,  they  are  more 
expensive  aud  less  efficient* 

Formulas  art'  developed  and  graphs  are  provided  which 
will  enable,  the.  microwave  engineer  to  determine  the  path 
Iomj!  of  multihop  passive  reflector  systems  using  reflectors 
in  both  the  “near"  and  “far"  fields.  This  paper  augments 
that*  information  previously  published  and  will  attempt  to 
acquaint  the  microwave  engineer  with  the  baric  technique* ':s 
of  microwave  system  engineering  using  largo  passive  re- 
llerlois  mid  to  outline  many  advantages  of  their  use. 

Near  Field— Far  Field  1 I'h 

In  order  to  calculate  the  loss  of  a  microwave  systenju 
using  large  passive  reflectors  it  must  be  determined*'' 
whether  the  reflectors  are  in  the  “near  field"  or  "far  field" 
of  the  terminal  antenna.  An  antenna  is  normally  con¬ 
sidered  a  point  source  and  transmits  a  spherical  wave. 

If  thin  wave  front  varies  from  a  plane  wave  by  a  small 
amount  Ar,(Fig.  2(a))  then  the  wave  front  may  be  con¬ 
sidered  as  a  plane  wave,  The  most  commonly  accepted 
definition  of  the  “fur  field"  is  that  space  in  the  field  of  an 
antenna  where,  over  a  given  area,  the  spherical  wave  varies 
from  :i  plane  wave  by  less  than  X/16  (Fig.  2(b)).1*  If  this 
variation  is  more  than  X/10  the  given  area  is  normally 
considered  to  be  in  the  “near  field  "  Therefore  the  radius  r 
of  the  “near  field"  is 


2  D%  2 a* 

T  or  T 


(i) 


where  antenna  diameter  D  or  reflector  side  a  and  X  are 
in  the  same  units.  Expressing  r,  D  and  a  in  feet  and  con¬ 
verting  X  to  megacycles  we  havo 


r 


492  w  492 


(2) 


Fig.  O-'Kttdiui  of  the  "near  fUd" 


The  radius  of  the  “near  field"  for  different  antenna  and 
passive  reflector  sixes  is  plotted  in  Fig.  3. 

Two  different  methods  are  described  in  this  paper  for 
determining  the  systems  loss  when  passive  reflectors  are 
used.  These  methods  may  be  referred  to  as  the  “far  field'1 
and  “near  field"  methods. 


11 S.  Silver,  “Microwave  Antenna  Theory  and  Dmkxil"  J4./.T. 
Had,  UK  8*r.t  McGraw-Hill, Book  Co.,  Inc.,  New  York,  N.  Y„ 
vol.  12,  pp.  190-190;  1U49. 


Two  Hop  System  Using  a  Passive  Reflector 
in  the  “Far  Field” 

Consider  a  passive  reflector  of  projected  area  a*  lo¬ 
cated  in  the  “far  field"  of  the  terminal  antennae  (Figs.  1(b) 
and  4).  A  passive  reflector  has  the  gain  of  two  back-to- 
back  aperture  antennas.  The  gain  ,  G,  of  an  aperture 
antenna  is 


* 


A t 


It 


n 
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Therefore},  the  gain  G„  of  a  100  per  cent  efficient  passive 
reflector  is 


and  the  gain  G,  of  a  95  per  cent  efficient  passive  reflector  is 

G,  -  0.9^-J,  (C) 

which  expressed  in  de.eibels  and  converting  X  to  frequency 
is 

Gt  «  40  log  /  +  20  log  a*  -  97.9,  (6) 

where 

I  ®  megacycles, 

a3  «  projected  area  in  square  feet.  s 

The  gain  of  a  passivo  reflector  in  the  “ far  field"  is  plotted 
in  Fig,  5,  The  projected  area  is  the  effective  area  of  the 
reflector  in  a  plane  normal  to  the  direction  of  transmission 


ussinmn  m  I*ig.  \  IVijwli?!  mentis 

a 7  «  A*  nh\  J 0,  (7) 

where 

.1*  w  the  actual  niea, 

&  ~  deflection  angle. 

Basic  transmission  loss  Lk  Is  the  ratio*  oHrunMhilUd 
power  P,  to  received^ power  P, 

which  assuming  isotropic  antennas  is 

L.  *  {*$,  (sir 

which  expressed  in  decibel*  and  converting  Mo  frrq*viiey 
becomes  the  familiar  free  spurn  loss  formula 

iJthfi  *1-  20  log  /  *b  20  log  </,  i  Mil 

where 

/  *»  incgmjycles, 
d  miles. 

Free  space  looses  arc  plotted  in  Fig.  0  and  the, gains  of 
parabolic  antemuu  are  plotted  in  Fig,  7. 

By  combining  the  passive  reflector  gain  Gp  with  two 
spmo  losses  7„  Ufi)  with  (10))  \vu  can  determine  the  total 
loss  Lh  uu  a  two  hop  system  using  a  passive  reflector  in  the 
11  far  field’1 

L,,  »*  171.1  +  20  log  +  20  log  dt  -  20  log  a\  (U) 

where 

di  «*  distance  from  Terminal  A  to  passive  reflector  in 
miles, 

di  «  distance  fi om  Terminal  B  to  passive  reflector  in 
miles, 

a*  »  projected  urea  of  passive  reflector  in  square  feci.  * 

It  should  bo  noted  that  for  a  two  hop  microwave  system 
using  a  passive  reflector  in  tho“fnr  field"  the  total  space 
loss  between  isotropic  antennas  is  independent  oj  frequent  y. 

Spaco  losses  L ,  of  two  hop  systems  using  passive  re¬ 
flectors  in  the  “far  field"  are  plotted  in  Fig.  8, 

Three  Hop  System  Usino  Passive  Reflectors 
in  the  “Far  Field" 

Consider  two  passive  reflectors  of  projected  area  aj, 
and  a£  located  in  the  “far  field"  of  each  other  and  of  the 
terminal  antennas  (Fig.  1  (c)).  By  combining  the  pa$si\  e 
reflector  gains  G „  with  three  space  losses  L,  ((6)  with  (10)) 
we  can  determine  the  total  loss  L,  on  a  three  hop  system 
using  two  passive  reflectors  in  the  “far  field" 

L,  •*  305.5  -F  20  log  <7,  +  20  log  <7,  +  20  log  tf* 

-  20  log  a]  -  20  log  a]  -  20  log  /,  (12 


F-2.9 


Fig.  0—  Free  ipiwt  I  ntt. 


Fig.  7  —Orvln  of  parabolic  antenna. 


where 

d,  diMancu  from  Terminal  A  to  Passive  RefltMdor  1 
in  miles, 

d,  »  distance  from  Passive  He  fleet  nr  I  to  Passive 
Reflector  2  in  miles, 

</.,  *-*  distance  from  Passive  Helleetor  2  in  Tennma!  /> 
in  miles, 

n?  «  projected  urea  of  Passive  Helleetor  t  M  square  feet, 

oj  «  projreted  area  of  Passive,  Helleetor  2  in  square  teet. 

•  It  should  he  noted  that  for  a  three  hop  microwave 
system  using  two  passive  reflectors  in  the  ”far  Held"  the 
total  spare  loss  between  isotropic  antennas  is  dependent 
on  frequency  with  the  loss  ini'ersriy  proportional  to  the 
square  of  the  frequency.  Therefore  the  higlitr  the  frequency , 
the  less  the  total  space  toss  between  isotropic  terminal  antennas 
on  o  three  hop  system. 

Use  ok  Passive  Rkklka'Torh  in  the  “Nkau  Field" 

Thero  i«  very  little  dilTercncc  in  the  use  of  Urge  passive 
reflectors  in  the  “near  field”  and  the  use  of  the  more 
common  “periscope  type.”  The  only  difference  U  in  the 
sire  of  antennas  and  reflectors  and  the  spacing  between 
them.  As  can  be  seen  from  Fig,  ft  the  radius  of  the  “near 
field”  can  l>e  quite  large.  A  7000  Me,  tiO-foot  antenna  has 
a  “near  field”  radius  of  approximately  10  miles.  Paiuive 
reflector  efficiencies  aro  plotted  in  Fig.  9.  These  reflector 
efficiencies  art*  the  gains  and  losses  of  the  antenna-re¬ 
flector  combination  as  compared  to  the  antenna  alone. 

Consider  a  7000  Me,  30-foot  antenna  with  a  passive 
reflector  of  projected  area  of  1200  square  feet  (approxi¬ 
mately  35-foot  projreted  square)  located  one  mile  away. 
From  Fig,  9,  l  is  approximately  0,8,  l/k  is  approximately 
0.5  and  there  is  no  additional  loss.  Therefore  the  system 
has  the  same  loss  as  if  the  terminal  antenna  was  in  the 
passive  reflector  location.  In  effect  we  have  moved  tlrn 
terminal  antenna  one  mile  with  no  additional  loss. 


Fig.  8—  Space  loat  on  a  two  hop  passive  reflector  ayitem. 


Use  ok  Double  Passive  Relectors 
in  the  “Near  Field” 

Single  passive  reflectors  as  previously  described  can  bo 
efficiently  used  when  the  deflection  angle  at  a  repeater  site 
is  greater  than  approximately  40°  or  50°.  When  tho 
required  deflection  angle  is  less  than  40°  or  50°  double 
passive  reflectors  will  normally  be  more  efficient.  The 
efficiency  of  double  passive  reflectors  as  compared  with  a 
single  passive  reflector  is  a  function  of  the  wave  length, 
projected  area  of  the  two  reflectors  and  spacing.  The  use 
of  double  passive  reflectors  hits  been  adequately  described.* 
Double  passives  have  a  gain  or  loss  over  the  gain  of  a 
single  passive  of  projected  area  equal  to  the  projected  area 
of  the  smaller  of  the  double  passives.  These  gains  or 
losses  are  plotted  in  Fig.  10. 

The  most  efficient  arrangement  of  double  passives  is  two 
reflectors  with  equal  projected  areas  located  close  to  each 
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Tig.  11— Maximum  spacing  of  doub.o  passive  reflectors  lor  loss 
<  1  db. 


other  The  nridithtiml  luvt  cun  he  kept  below  I  db  (Fig. 
W)\  if 


wlirle 

X  wave  hmglh, 
d  •»  .sparing  between  re  dec  tors. 
a1  ~  projected  area  of  ivf  lector* 

The  maximum  r«  M<*ctor  spaeings  in  which  the.  additional 
loss  can  be  kept  below  1  db  me  plotted  in  Mg.  II.  As 
can  be  seen  on  the  higher  frequencies  the  spacing  eau  be 
several  hundred  feet,  * 

I NMW IjLATION  OoNSI DKRATI ONS 

The  same  installation  practices  used  for  largo  parabolic 
antennas  should  be  used  for  largo  passive  re  Hoc  tors,  Tn 
order  for  the  path  loss  equations  used  in  this  paper  to  be 
accurate  the  passive  reflectors  must  bo  installed  using 
good  microwave  system  engineering  practices.  First 
frcMicl  zone  clearance  should  be  maintained  on  all  paths. 
If  first  fresucl  zone  clearance  is  not  maintained  then  the 
additional  h»>$  duo  to  grazing,  diffraction  or  troiw-pherie 
.scattering  must  be  considered. 

There  me  additional  considerations  required  when 
dual ilc  pa^ivc  reflectors  arc  utilized.  Consider  .double 
passive  reflector  iimtallations  as  shown  in  Fig.  12,  That 
portion  of  tho  wave  front  that  is  reflected  by  each  icflector 
must  clear  tho  other  reflector  by  several  wavelengths. 
From  the  experience  gained  from  the  installation  of  many 
double  passive  reflectors  it  has  been  determined  the 
clearance  should  be  at  least  15  wavelengths  which  is  only 
approx!  ately  2  feet  at  7000  Me, 

Double  passive  reflectors  may  be  arranged  in  a  sym¬ 
metrical  or  asymmetrical  configuration  as  shown  in  Fig.  12. 
The  minimum  spacing  between  reflectors  is  determined  by 
symmetry  and  the  required  15  wavelengths  clearance.  Tho 
smaller  tb*  deflection  angle  the  greater  the  required 
spacing  between  reflectors.  Consider  two  insialLAions 
requiring  50°  and  24°  defection  angles.  At  7000  Me  tho 
minimum  spacings  are  07  feet  and  146  feet  (Fig.  12(a) 
and  (b)),  Although  an  asymmetrical  configuration  requires 
much  less  space  (Fig.  12(c))  wider  reflectors  are  required 
in  orilei  *o  maintain  the  desired  projected  width.  In  Fig.  12 
all  reflectors  have  a  projected  width  of  30  feet. 

An  interference  problem  may  develop  when  the  require! 
deflection  angle  is  zero  or  very  small.  The  direct  wave  may 
bo  propagated  to  the  distant  terminal  due  to  diffraction, 
scattering,  ducting  or  other  means.  This  direct  wave  may 
be  out  of  phase  with  the  wave  from  the  passive  reflector 
and  cause  fading  or  cancellation.  To  prevent  this  type  of 
problem  will  require  careful  investigation  of  the  possible 
field  strengths  of  the  direct  wave.  If  interference  seems 
probable  one  possible  solution  is  the  use  of  two  cross 
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Fl«.  J2— IwUlUtlon  of  double  poieive  reflector*. 

polariied  back-to-back  parabolic  reflector  antennas.  This 
wilt  minimi**  the  interference  between  the  direct  and 
reflected  wave*.  However,  the  parabolic  reflector*  may  be 
more  economical  than  either  tropoipherio  scatter  or 
Ime-of-aight  active  repealer  systems,  If  backoback 
parabolic  reflector  antennas  are  used  they  will  have  to 
have  a  diameter  50  per  cent  greater  than  the  width  c f 
pasaivo  reflectors  (assuming  square  projected  area)  in  order 
to  have  the  same  gain  (see  Figs.  5  and  7). 

System  Punning 

If  a  requirement  exists  between  two  non-line-of-aight 
locations  in  which  there  are  one  or  two  intermediate  point* 
which  are  in  iine-ofoight  of  each  other  and  the  terminal 
locations,  then  the  use  of  a  two  or  three  hop  passive 
reflector  system  will  normally  provide  less  loss  than 
tropospheric  scatter  .and  may  be  more  economical  than 
either  tropospheric  setter  or  a  line-of-sight  system. 
Plotted  in  Fig.  13  are  tta  term mal-to- terminal  losses  of  a 
typical  100  mile  line-of* sight,  passive  reflector  and 
tropospheric  scatter  systems  with  30-foot  parabolic 
terminal  antennas.  The  tropospheric  scatter  losses  in¬ 
clude  “antenna-to-medium“  coupling  loss. 

For  example  a  lOOmile  tropospheric  scatter  system  with 
0°  take  off  angles  will  have  a  terminal-to-tenninal  loss  of 


Fi*.  13— Companion  of  terminal  to  terminal  Iom  of  a  typical 

100  mile  Une-of-iight,  tropoepheric  scatter  and  paaive  reflector 

lyitemu,  each  with  30  foot  parabolic  terminal  antenna*. 

from  123  to  127  db.  In  contrast  *a  7000-Mc  three-hop 
system  with  30-foot  passive  reflectors  will  have  a  tenninal- 
to-terminal  loss  of  95  db  and  a  two  hop  system  with  a  30- 
foot  passive  reflectors  will  have  a  terminal-to- terminal 
loss  of  only  72  db.  This  is  an  improvement  of  29  db  for  a 
three  hop  system  and  51  db  for  a  two  hop  system.  These 
improvements  would  be  much  greater  if  there  were  posi¬ 
tive  take  off  angles  on  the  tropospheric  scatter  system  or  if 
larger  reflectors  were  used  on  the  passive  reflector  systems. 
8ince  the  path  loss  on  a  passive  reflector  system  is  pro¬ 
portional  to  the  product  of  the  path  distances,  any  re*; 
duction  in  this  product  by  proper  site  selection  will  also 
reduce  the  path  loss  and  give  an  additional  improvement 
over  a  tropospheric  scatter  system. 

A  120-channel  military  microwave  system  using  active 
repeaters  is  routed  as  shown  in  Fig.  14.  These  active 
repeaters  could  be  eliminated  by  increasing  the  0-foot 
terminal  antennas  on  the  A-B  link  to  a  diameter  of  20 
feet,  increasing  the  4-foot  terminal  antennas  on  the 
B-C  link  to  a  diameter  at  30  feet,  and  installing  30  foot 
square  (projected  area)  double  passive  reflectors  at  relays 
1,  2  and  3.  The  receive  signal  levels  would  be  approxi¬ 
mately  30  db  above  the  receiver  threshold.  The  use  of 
tropospheric  scatter  would  be  extremely  difficult  and 
oostly.  The  scatter  angle  between  Terminal  A  and  Termi¬ 
nal  B  is  1.9°  and  between  Terminal  B  and  Terminal  C 
is  3.8°.  These  two  links  would  require  60  foot  or  larger 
antennas  in  space  diversity  with  transmitter  powers  of 
1  kw  or  greater  on  the  A-B  link  and  10  kw  or  greater  on 
the  B-C  link. 

A  military  tropospheric  scatter  system  efficiently  uses 
large  passive  reflectors  in  the  “near,  field"  (Fig.  15). 
Double  52.5  foot  (projected  area)  reflectors  are  located 
1.4  miles  from  the  33-foot  terminal  antenna.  The  scatter 
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Kin*  14— Military  microwave  system  which  could  efficiently  use 
largo  passive  reflectors. 


Fig.  15-  Military  tropospheric  scatter  system  which  uses  large 
pwteivo  reflectors. 

ftiilh  from  tho  passive  reflectors  to  the  distant  terminal  is 
!M  miles  with  a  scatter  angle  of  0.8°.  Communication  be¬ 
tween  ‘ho  two  terminals  via  tropospheric  scatter  with¬ 
out  tho  passive  reflectors  would  bo  impossible  since 
the  scatter  ungle  between  the  two  terminals  would  be 
almost  12°.  From  Figs.  U  and  10  it  can  bo  determined  that 
the  additional  loss  introduced  by  tho,  passive  reflectors 
is  approximately  4  db  more  than  the  loss  from  tho  passive 
reflectors  to  the  distant  terminal.  Tho  transmitter  power 
used  on  this  link  is  only  100  w  at  1800  Me. 


Kcovomh*  Consummations 

There  are  many  f»ct<u>  involved  in  the  planning  and 
designing  ,,f  microwave  M'Mrms.  Economic  considera¬ 
tions  may  determine  if  a  com  mu  nicatioin  requirement  will 
be  met  by  a  lino-ob.sighl  active  repeater  systenq  lino-of- 
sight  passive  repeater  system,  tropospheric  scatter  system 
or  diffraction  system. 

An  active  microwave  repeater  requires  buildings, 
primary  ami  emergency  .power,  microwave  equipment, 
access  roads,  frequent  maintenance,  and  in  some,  eases, 
full  time  operating  personnel.  In  contrast  pasMve  re¬ 
peaters  may  be  installed  in  a  normally  inaeecfwahle.  lo¬ 
cation,  There  arc  no  requirements  for  buildings,  power, 
microwave  equipment*  access  roads  or  operational  person¬ 
nel.  The  passive  reflector  and  ull  installation  materials 
may  be  .delivered  by  any  menus,  oven  by  helicopter. 
When  passive  reflectors  are  used  in  lieu  of  active  repeaters 
normally  ai  antenna  of  higher  gain  will  be  required  at  the 
terminal  Mu.  completely  new  active  repeater  site  costs 
AappnJTmratr?iyN$2(t0>()0(). 1 4  In  coni  rust  a  passive  repeater 
mng  double  passive  reflectors  and  high  gain  antennas  at 
fm^icrAmifds  00-foot  terminal  an  I  o  turns  and  30-foot  double 
pu^ivc^oflcctnrs)  will  only  cost  approximately  $80,000. 

Tropospheric  sender  systems  normally  require  high 
power  transmitters,  very  sensitive  receivers  in  dual, 
quadruple  mid  in  some  cases  octuplo  diversity,  ‘The  cost 
of  tropospheric  scatter  terminals  in  tho  typical  100-mile 
system  previously  mentioned  would  normally  bo  much 
greater  limit  that  of  the  passive  reflector  system  due  to 
tho  higher  system  losses,  In  many  eases  the  use  of  passive 
^•doctor  systems  can  provide  the  same  grade  of  service 
much  more  economically. 

In  addition  to  tho  reduction  in  the  initial  cost  of  micro¬ 
wave  systems  using  large  passive  ivflvTdoTs  fricro  is  also  a 
great  reduction  in  operational  cost.  Elimination  of  active 
repeaters  or  a  reduction  in  tho  power  requirements  and 
complexity  of  the  terminals  results  in  a  reduction  in  the, 
number  of  operating  mid  maintenance  personnel,  reduces 
the  quantity  of  spare  parts,  reduces  tho  cost  for  commercial 
and  emergency  power  and  reduces  site  operation  ami 
maintenance  cost. 

Reliability 

There  are  many  fantors  which  determine  the  reliability 
of  a  communication  system.  Reliability  is  proportional  to 
tho  complexity  and  quantity  of  tho  electronic  equipment 
and  to  the  quantity  and  quality  of  operating  personnel, 
Tlie  use  of  largo  passive  reflectors  will  in  many  instances 
reduce  both  the  quantity  and  complexity  of  the  electronic 
equipment  and  reduce  tho  quantity  of  operating  personnel. 
These  reductions  will  cause  a  corresponding  increase 
in  the  reliability  of  the  communication  system. 

14  U.  D.  Chipp  and  T.  Cosgrove,  "Economic  analysis  of  com¬ 
munication  systems/'  presented  at  7tii  Nat’i.  Coumunications 
Symp.,  Utica,  N,  V.;  October  2-1,  1961. 
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Conomjhionh  I^arge  passive  reflectors  are  i\\<o  economical.  When  mm*'!  to 

!  birgo  passive  icfloctors  arc  extremely  practical.  They  ♦  replace  motive  microwave  repeaters  or  to  extend  a  inqm- 

caii  lw  used  to  replace  active  repeaters  on  line-of-sight  spheric  scatter  or  diffruotion  system  considerable  savings 
^  microwuve  systems  anil  can  also  be  used  on  diffraction  and  w  initial  and  operating  coat  can  be.  realised,  The  reliability 

i  tropospheric  scatter  systems,  By  the  use  of  high  power  °[  communication  systems  using  large  passive  reflector* 

1  transmitters  and  very  sensitive  receivers  long,  two  or  wUl  ^  considerably  higher  duo  to  u  reduction  of  the 

j  imnx'  Imp  systems  may  bo  effectively  utilised.  TTie  space  quantity  and/or  complexity  of  the  electronic  equipment. 

)  loss  on  a  t  wo  hop  system  is  independent  of  frequency  and  Large  passive  reflectors  should  bo  considered  as  another 

i  on  a  three  or  more  hup  system  is  drpemient  on  frequency  tool,  which  can  bo  used  by  the  microwave  engineer  for 

with  Jew  loss  at  the  higher  frequencies.  By  the  use  of  planning  and  engineering  communication  systems.  When 
•  frequeneicH  of  several  gigacycles  with  their  higher  gain  used  effectively  with  linc-oMghl,  diffraction  and  die 

an tennus,  tho  system  losses  cun  be  quite  low.  Large  lermi-  tropospheric  scatter  modes  of  propagation,  communi* 
nut  antennas  and  passive  reflectors  may  be  sited  and  cation  systems  may  bn  engineered  more  economically, 
installed  using  the  same  engineering  and  installation  with  moro  reliability  and  with  u  decrease  in  the  operating 
practices  normally  used  for  tropospheric  scatter  systems,  and  maintenance  problems. 
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One  problem  facing  (lie  microwave  transmission  engineer  today-is  that  of  interference  calculations, 
this  paper  deals  with  the  interference  calculations  as  they  relate  to  passive  repeaters.  Very  little  pruetieaf 
information  has  been  available  to  describe  or  calculate  radiation  patterns  for  passive  repeaters.  Accord- 
mgly,  those  making  uitci  fcruuc  studies  on  systems  employing  passive  repeaters  used  what  they,  considered 
a  conservative  approach.  One  Mich  method  is  to  treat  the  passive  repeater  as  a  comparable  active  station, 
Must  felt  then  conservative  assumptions  were  unsatisfactory.  Perhaps  at  times  the  assumptions  were  not 
lunservahve  and  at  other  times  excessively  conservative.  The  need  for  methods  of  evaluating  the  radiation 
horn  passive  repeaters  has  become  apparent.  The  problem  is  to  make  the  methods  practical  and  general 
and  yet  relain  an  accuracy  consistent  with  radiation  pattern  data  used  for  the  other  microwave  system 
components, 

Accordingly.  Mien) fleet  set  about  to  determine  a  practical  method  of  developing  the  theoretical 
pattern  for  a  given  passive  repeater.  The  theory  was  explored.  Comparisons  were  made  with  past  and 
very  recent  plots  made  I  rum  measurements  obtained  during  alignment  of  actual  passive  repeater  instal¬ 
lations.  Some  examples  of  these  plots  are  depicted  in  Figures  I.  2,  and  3, 

Typically,  the  mechanical  limitations  of  luUting  the  passive  repeaters  prevented  measurements  about 
(Ik*  inain-Dcain  a\is  beyond  about  i  2°.  However*  correlation  between  the  theoretical  and  measured  plots 
oil  cud  encouragement  to*  future  use  of  ilw  method  for  plotting  the  theoretical  pattern,  it  is  in  this  range 
that  the  information  is  most  significant.  Tins  deviation  fum  the  main  axis  (± 2°  of  adjustment)  may  typi¬ 
cally  allow  a  reading  at  about  the  Sth  minor  lobe  peak,  which  is  approximately  24.7  dB  down  from  the 
mam  lobe,  From  the  measured  plots  one  could  probably  safely  extrapolate  that  the  theoretical  pattern 
plot  (examples  shown  in  Fig.'s  No.  4  &  No.  5)  will  have  good  accuracy  to  a  level  30  dB  down  from  the 
main  tube  peak  and  that  satisfactory  accuracy  may  often  be  obtained  at  levels  40*45  dB  down  from  the 
mam  lobe  peak.  It  may  also  seem  a  logical  assumption  that  the  reflected  and  diffracted  signal  level  will 
not  be  higher  than  the  40  45  dB  level  down  from  the  main  beam  for  the  large  angles  to  the  side  and  behind 
(he  reflector  surface, 


EXTREME  ISOLATION  POSSIBLE  WITH  PASSIVE  REPEATER 

When  a  passive  repeater  is  not  properly  aligned,  as  when  it  is  first  installed  and  not  peaked,  it  has  been 
obseiml  that  the  signal  level  may  be  about  70  dB  below  a  receiver  median  design  level.  In  these  instances 
(he  assumption  that  the  lev c l  is  no  higher  than  4045  dB  down  for  wide  angles  is  obviously  conservative. 
On  some  6  GH/<  and  i  1  Gil/,  systems  Miuoflcct  has  helped  to  align,  the  following  conditions  were  present 
lo  indicate  that  the  off  angle  radiation  from  the  passive  may  be  70  JB  below  the  receiver  design  median 
signal. 

a.  Receiver  Design  Median  Signal  Leve!  »  -38  dBm 

b.  F.M.  Improvement  Threshold  Level  =  -81  dBm 

c.  Transmitter  fully  deviated  for  a  600  voice  channel  system  with  a  single  1  kHz  tone, 

li  can  be  shown  that  full  transmitter  deviation  can  provide  about  a  28  dB  advantage  below  the  *81 
dBm  l  Ml  1\  so  that  the  tone  will  be  disccrnable  at  about  109  dBm.  (This  technique  has  proven  useful  for 
aligning  radio  paths.)  With  a  median  design  level  of  38  dBm  and  a  signal  level  of -1 09  dBm  there  is  over 
70  dB  isolation  from  off-angle  radiation  for  these  specific  cases. 

It  should  be  noted  that  the  passive  repeater  major  lobe  and  the  fust  few  minor  lobes  can  be  more 
narrow  than  just  the  half  power  beam  width  of  an  active  repeater  antenna. 

PLOTTING  THE  PATTERNS 

I  here  are  two  convenient  loans  of  plotting  the  radiation  pattern  of  a  passive  repeater.  These  are  the 
|n>l«ir  decibel  plot  and  the  rectangular  decibel  plot.  Figure  4  is  an  example  of  a  polar  decibel  plot.  Figure 
S  is  an  example  of  a  rectangular  decibel  plot.  The  information  for  these  plots  are  shown  in  Table  I.  Note 
that  unless  the  angulut  scale  (angle  0  and/or  turns  of  ..Uuu. adjusting  mechanism)is  carefully  observed  on 
the  rectangular  deubd  plot,  an  impression  that  the  pasMve  repeater  radiation  pattern  is  very  broad  may 
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be  derived  from  the  general  appearances  of  the  plot.  As  this  impression  can  be  misleading  it  is  a  recom¬ 
mended,  pi  act  ice  that  the  icetungular  plot  he  accompanied  by  a  corresponding  polar  plot.  The  pole;  plot 
provides  a  helloi  visualization  of  the  spatial  distribution  of  the  pattern. 

to  nuke  a  pattern  plot  one  could  use  the  following  procedure; 

(1 )  Review  the  information  shown  on  Fig.  6  to  assess  what: para mcleis  are  rc«|uiioil  as  "input"  for 
the  problem  or  the  "given"  portion  of  the  problem.  At  this  time,  also  consider  the  effects  of 
the  qualifications  of  the  method  with  respect  to  the  particular  pattern  required. 

(2)  With  the  given  data*  complete  Table  II  as  illustrated  in  the  Example  of  Table  1. 

(3)  Complete  the  rectangular  decibel  plot  from  the  "blank"  form  of  the  pattern  shown  as  Fig.  7. 
This  plot  is  complete  by  affixing  the  proper  scale  for"0"on  the  lower  edge  of  the  graph.The  use 
of  tliis  standard  form  eliminates  the  need  to  plot  various  shape  curves,  as  only  the  scale  of  t he 
angle,  0,  changes  with  different  plots.  This  scale  can  be  placed  on  the  plot  by  using  the  "evalua¬ 
tion  of  sin  0  in  terms  of  the  parameter  u"  as  completed  on  Table  II. 

(4)  Make  a  polar  plot  from  the  completion  of  Table  II.  This  plot  is  conveniently  made  from  the 
tabulation  of  the  minor  lobe  peak  values,  as  the  plot  represents  the  envelope  of  the  radiation 
pattern, 

Because  the  data  does  not  cover  the  full  360°  one  has  to  extrapolate  or  assume  that  the  levels  are  no 
higher  than  the  last  plotted  point  from  the  tabulated  data,  Thus*  the  curve  is  completed  by  approximating 
this  level  thru  the  values  of  0"  for  which  the  decibel  levels  are  not  calculated. 

An  examination  of  Figures  l,  2*  shows  a  scale  in  "turns"  of  the  adjusting  mechanism  horizontally 
and  the  scale  of  0  slanted  and  scaled  in  minutes  or  arc  with  the  designation  being  0  Min.  The  light  lines  of 
the  pattern  indicate  the  calculated  theoretical  pattern  and  the  dark  heavy  lines  the  measured  pattern. 

In  order  to  illustrate  how  these  scales  (turns  and  0  Min,)  may  be  affixed  to  the  standard  rectangular 
plot  the  following  example  uses  the  data  of  Tabic  I  and  Fig.  5.  The  installation  drawings  of  a  Microfleet 
2ft*  x  30'  passive  indicate  that  ten  turns  of  an  adjusting  handle  will  rotate  the  unit  (panels)  about  a  vertical 
axis  20,2  minutes,  or  one  turn  corresponds  to  2.02  minutes  of  rotation.  In  the  plane  of  the  incident  and 
reflected  beam  axes,  one  minute  of  passive  rotation  causes  an  angle,  8,  of  two  minutes,  Thus,  the  relation¬ 
ship  is  derived  that  one  turn  of  the  adjusting  handle  corresponds  to  0  Min,  =  4,04. 

From  Table  I  the  relationship,  sin  0  =  (0.00239)(u),  is  shown  derived.  By  choosing  a  convenient  mul¬ 
tiplying  factor  of  u^lO,  one  finds  the  corresponding  value  of  sin  8=  0.0239;  and  for  values  of  0  less  than 
10°,  sin  0  approximately  equals  8  in  radians.  Thus  8  c  0.0239  radians  or  about  1 .37°,  (0  can  also  be  evalu¬ 
ated  by  using  a  table  of  natural  trigonometric  functions).The  value  of  0  Min.  =  (  1 ,37)(60)  =  82.2  Min,  By 
drawing  a  vertical  line  at  the  point  of  u=10  and  intersecting  this  with  a  scale  placed  with  the  beginning  at 
the  "0  *  0"  point  and  meeting  the  vertical  line  at  the  value  of  82.2,  a  scale  in  8  Min.  can  readily  be  marked 
on  the  standard  plot.  (An  engineer’s  and/or  a  metric  scale  is  handy  for  a  variety  of  values),  See  Fig,  8. 

From  previous  remarks  10  turns  corresponded  to  40.4  minutes  for  this  specific  example.  If  on  the 
0  Min.  scale  the  40.4  minute  point  is  projected  vertically  to  a  horizontal  line,  a  scale  in  turns  can  be  con¬ 
structed. 

In  applying  the  foregoing  methods  of  radiation  pattern  plotting  it  must  be  remembered  that  "0"  can¬ 
not  be  evaluated  for  the  entire  360°  by  using  "20  Log  u"  as  the  envelope.  Large  deviations  from  the  major 
lobe  axis  are  not  consistent  with  the  original  assumptions  made  for  the  mathematical  development  of  the 
formulas  needed  to  make  these  plots.  It  should  also  be  noted  that  the  quantitative  accuracy  of  the  plot  de¬ 
creases  with  angular  deviation  from  the  m?jor  lobe  axis. 

To  return  to  more  exacting  methods  of  applying  the  complete  mathematical  relationships  for  diffrac¬ 
tion  phenomena  would  greatly  increase  the  difficulty  of  evaluating  the  radiation  pattern  for  any  commer¬ 
cially  available  microwave  aperture  device,  either  parabolas  or  flat  reflectors.  Each  set  of  patterns  evalu¬ 
ated  could  represent  an  effort  beyond  practical  or  economical  engineering  methods. 

The  methods  of  determination  shown  here  are  known  to  be  reliably  accurate  to  at  least  the  fifth  mi¬ 
nor  lobe,  and  probably  are  reasonably  accurate  for  most  interference  studies  to  a  level  3040  dB  down 
from  the  major  lobe.  Beyond  these  ranges  some  comparisons  could  be  made  with  complete  radiation  pat¬ 
terns  obtained  on  ant*  ana  ranges  to  make  a  rough  extrapolation  for  the  remainder  of  the  pattern. 


In  summation,  wc  have  found  the  foregoing  methods  of  plotting  far  field  radiation  patterns  agrees 
closely  with  measurements  on  actual  installations.  The  correlation  of  measured  plots  compared  to  theo¬ 
retical  plots  are  such  th»  t  we  have  placed  radiation  patterns  for  our  standard  passive  repeaters 4#d  tower- 
mounted  reflectors  "on  tile"  with  {he  Federal  Communications  Commission  in  Washington  an<f  the  De¬ 
partment  of  Communications  in  Ottawa. 
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TABULATION  OF  DATA  FOR  PLOT  OF  PASSIVE  REPEATER  RADIATION  PATTERN 


PASSIVE  SIZE  24'  x  30' 

PLANE  OF  PATTERN  CUT 

HORIZONTAL 

INCLUDED  ANGLE  BETWEEN 

INCIDENT  AND  REFLECTED  BEAMS 

90° 

FREQUENCY  (GHz)  3  6.175 

1  u/a\/ci  CMOTU  /rrr\  »  0.9836 

_  =  n  i  coo< 

|  v  i  n  \ri.;  6175 

EVALUATION  OF  "SIN©"  IN  TERMS  OF  PARAMETER  "U" 

U=(a)(^-  )(sin0)  =  [(30)(cos  45°)J  (3. 1 4 1 6/0.1 593) (sin ©)  ■  418.4  sin©  or 
sinQ  3  (0.00239)  1U) 


I 


EVALUATION  OF  ANGLE  "0"  FOR  3dB,  lOdB,  ami  40dB  POINTS 

.Ul  11  POINTS  (U  «» 1 .39)  0  =  0.19°  (HALF  POWER  BEAM  WIDTH  =  20) 

lOdB  POINTS  (U«2.32)  © --  0.32°  (COMMON  REFERENCE  FOR  STRUCTURAL  RIGIDITY) 

4()dB  POINTS  (U*3.11)  ©  =  0.43°  (POINTS  VERY  NEAR  1st  NULL  POINT) 


TABULATION  OF  MINOR'XOEE  PEAK  VALUES 


MINOR 

LOBE 

u 

20  Log  U 

Q 

Degrees 

MINOR 

LOBE 

MUM 

20  Log  U 

e 

Degrees 

I 

4.5 

13.3 

1.  0.62 

21 

67.5 

36.6 

9.29 

2 

7.7 

17.8 

1,05 

22 

70.7 

37.0 

9.73 

3 

10.9 

20.8 

1.49 

23 

73.8 

37.4 

10.16 

14.1 

23.0 

1  93 

24 

77.0 

37.7 

10.61 

5 

17.2 

24.7 

2.36 

25 

80.1 

38.1 

11.04 

A 

20.4 

26.2 

2.80 

26 

83.3 

38.4 

11.49 

7 

23.6 

27.4 

3.23 

27 

86.4 

38.7 

11.92 

K 

26.7 

28.5 

3,66 

28 

89.5 

39.0 

12.36 

9 

29.9 

29.5 

4.10 

29 

92.7 

39.3 

12.81 

10 

33.0 

30.4 

4.53 

30 

95.8 

39.6 

13.24 

II 

36.1 

31.2 

4.95 

31 

99.0 

39.9 

13.69 

12 

39.3 

31.9 

5.39 

32 

102.1 

40.2 

14.13 

13 

42.4 

32.5 

5.82 

33 

105.2 

40.4 

14.57 

14 

45.6 

33.2 

6.26 

34 

108.4 

40.7 

15.02 

15 

48.7 

33.8 

6.69 

35 

111.5 

41.0 

15.46 

16 

51.8 

34.3 

7.11 

36 

114.7 

41.2 

15,92 

17 

55.0 

34.8 

7.56 

37 

117.8 

41.4 

16.36 

18 

58.1 

35.3 

7.99 

38 

121.0 

41.7 

16.82 

IV 

61.3 

35.7 

8.43' 

39 

124.1 

41.9 

17.26 

64.4 

36.2 

8.88 

40 

127.2 

42.1 

17.71 

TABLE  1 

EXAMPLE  OF  DATA  TABULATED  FOR  RADIATION  PATTERN  PLOTS 
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EVALUATION  OF  "SIN ©"  IN  TERMS  OF  PARAMETER  "U" 


EVALUATION  OF  ANGLE  "©"'FOR  3dB,  lOdB,  and  40dB  POINTS 

3dB  POINTS  (U  *1.39)  0  =  (HALF  POWER  BEAM  WIDTH  =  20) 

lOdB  POINTS  (U  *2.32)  0  =  (COMMON  REFERENCE  FOR  STRUCTURAL  RIGIDITY) 

40dB  POINTS  (U-*3.11)  0  =  (POINTS  VERY  NEAR  1st  NULL  POINT) 


TABULATION  OF  MINOR  LOBE  PEAK  VALUES 


TABLE  II 

EXAMPLE  OF  "BLANK"  TABULAR  FORM  FOR  RADIATION  PATTERN  DATA 
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FIGURE  5 

EXAMPLE  OF  RECTANGULAR  DECIBEL  PLOT  OF  24’x30'  PASSIVE  REPEATER 

(f«6.175  GHz) 


APERTURE  SHAPE  VIEWED  ALONG 
DIRECTION  OF  PROPAGATION 
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APERTURE  2* 
ILLUMINATION  l 
UNIFORM 

AMPLITUDE  , 

AND  PHASE 


ANGLE  FROM  AXIS  OP  MAIN  BEAM 
IN  PRINCIPAL  PLANE  OF  PATTERN 
BEING  STUDIED, DEGREES 

THE  FIGURE  AT  WE  LEFT  SHOWS  A 
\  HPICAL  KAN  ViEW.  THE  PAnERN  MAY 
'  BE  STUDIED  IN  ThE  OTHER  PRINCIPAL 
PUNE  (VERTICAL!  BY  USING  THE 
EFFECTIVE  hEIGIIT  IN  PLACE  OF  a 


Note  that  in  general  the  verticalface  angle  of  a  passive  repeater  is  not  large,  and  that  the  above  relationships 
are  sufficiently  accurate  for  most  applications.  However,  with  some  combinations  of  large  horizontal  angles  and 
large  vertical  angles,  the  more  precise  geometric  relationships  may  have  to  be  calculated.  Also,  the  accuracy  of  the 
computations  decrease  with  angular  deviation  from  the  mam  lobe  axis,  as  the  assumptions  for  the  mathematical 
development  are  less  valid  with  prog-essively  larger  angles  of  0 


FIGURE  6 

GENERAL  PATTERN  PLOT  FORMULAS 
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FIGURE  7 

EXAMPLE  OF  "BLANK"  FORM  OF  RECTANGULAR  OECIBELPLOT 
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FIGURE  8 

EXAMPLE  OF  MARKING  SCALE  ON  STANDARD  RECTANGULAR  PLOT 
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THE  APPLICATION  OF  PASSIVE  REPEATERS 


In  a  typical  passive  repeater  application  problem,  the  microwave 
engineer  is  faced  with  a  situation  in  which  the  frequency  of  the 
system  has  been  selected,  the  terminal  stations  are  located,  and 
direct  communication  between  the  terminal  stations  is  impossible 
because  of  an  intervening  obstruction  of  some  sort*  The  problem 
becomes  one  of  selecting  the  most  suitable  site  for  a  passive 
repeater,  or  of  finding  two  sites  if  a  double  passive  repeater 
application  is  indicated* 

The  parameters  which  may  be  varied  to  find  the  most  economical 
installation  are,  (1)  The  size  Pf  the  terminal  parabolic  antennas, 

(2)  the  length  of  the  shortest  path,  (3)  the  .included  horizontal 
angle;  and  (4)  the  size  of  the  passive  repeater*  Usually  the  most 
economical  combination  will  result  by  using  large  parabolic  antennas 
and  minimising  the  shortest  path  length  and  the  included  horizontal 
angle* 

The  efficiency  of  any  microwave  system  using  passive  repeaters 
is  directly  related  to  the  product  of  the  path  distances.  Halve  the 
product  of  the  path  distances- and  the  size  of  the  passive  may  be  cut 
in  half.  In  effect  this  means  that  the  closer  the  passive  repeater 
to  either  of  the  terminal  stations,  the  smaller  the  passive  repeater 
may  be. 

The  gain  of  a  parabolic  antenna,  over  an  isotropic  radiator, 
may  be  given^  by  the  following  equation: 


where  D'  is  the  nominal  diameter 
of  the  antenna  in  feet  and  X  is 
the  wavelength  in  feet* 

Parabolic  Antenna  Gain,  db 

Frequency 

2,000  me  6,000  me  11,000  me 

25. 2  34.7  40.0 

28.7  38.3  43.5 

31.2  40.7  46.0 

33.1  42.7  48.0. 


The  attenuation  of  microwave  energy,  in  free  space,  is  the 
result  of  the  spreading  out  of  the  microwave  beam  and  not  from  any 
intrinsic  loss  of  energy  as  the  signal  travels  through  space*.  The 
gain  of  a  passive  repeater  results  from  the  interception  of  a  part 
of  the  energy  transmitted  from  the  antenna  and  the  concentration  of 
this  energy  into  a  narrow  beam  which  is  redirected  toward  the 
receiving  antenna.  The  "gain”  of  a  passive  repeater  is  thus  divided 
into  two  equal  parts;  that  which  pertains  to  the  incoming  beam  and 
the  part  which  pertains  to  the  reflected  beam.  For  simplification, 
the  gain  of  a  passive  repeater,  in  this  text,  will  include  both  the 
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given  by  the  following 


where  "A  cos'*£tt  is  the  effective 
area  of  the  passive  in  square 
feet,  A  is  the  wavelength  in 
feet,  and  #4  is  half  the  included 
horizontal  angle. 

The  gain  of  a  passive  is  thus  seen  to  increase  with  an  increase  in 
area  and  frequency,  and  with  a  decrease  in  the  horizontal  included 
angle.  The  moat  effective  use  of  a  given  passive  reneater  area  will 
be  made  with  the  passive  located  directly  behind  and  above  either  of 
the  terminal  stations. 

The  attenuation  or  loss  of  microwave  energy  in  free  space  is 
commonly  given  by  the  following  two  equations  which  have  a  different 
form  but  will  give  the  same  results: 


incoming  and  the  reflected  beams  and  i 
equations 


gain,  db  -  20  Log  -ATjUrSPA 


1  a  1 OSS , 

2.  loss, 


db  *•  36.6  +  20  Log  f (MC)  +  20  Log  d(mi) 


db  - 


20 


(where  di  is  in  feet) 


The  above  equations  give  the  attenuation  between  isotropic 
radiators  and  are  plotted  on  figures  39  and  40* 

The  passive  repeater  gain  equation  is  plotted  in  figure  38  for  all 
14  standard  passive  repeater  sizes  and  all  frequencies  from  2  Kmc  to 
11  Kmc.  To  illustrate  the  use  of  the  curves,  suppose  it  was  required 
to  find  the  gain  of  a  I6,x20*  passive  repeater  at  6  Kmc  if  the  included 
horizontal  angle  were  90  degrees.  Enter  the  chart  at  the  lower  left 
hand  side  at  45  degrees  and  proceed  upwards  to  the  curve  marked  I6,x20*. 
From  this  point  follow  straight  across  to  the  line  marked  6  Kmc.  Read 
straight  down  a  gain  of  100. 4  db.  The  horizontal  included  angle  is 
assumed  to  be  equal,  or  very  nearly  so,  to  the  true  angle  between  the 
incoming  and  reflected  beams. 

The  effective  area  of  a  passive  repeater  is  the  projected  $re^  in 
the  direction  of  transmission.  To  find  the  effective  area  of  a  passive, 
multiply  the  actual  area  by  the  cosine  of  one  half  the  horizontal 
included  angle  and  also  by  the  cosine  of  one  half  the  vertical  included 
angle.  Usually  the  vertical  angle  is  small  and  is  neglected. 

The  maximum  included  horizontal  angle,  beyond  which  it  is 
impractical  to  go,  is  140  degrees.  Beyond  this  point  the  effective 
area  of  the  passive  is  small  and  the  installation  becomes  uneconomical. 
Several  Microflect  passives  are  in  service  with  horizontal  angles  in 
excess  of  120  degrees  with  the  maximum  to  date  137  degrees.  Beyond 
140  degrees  a  double  passive  repeater  installation  is  indicated. 
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Figure  9'*  !♦'  and'IO'x  It* 

passives  gxiting  final  inspect* 
before  being  era  tad  and  shippeo. 


figure  47.  Daub  la  24 
optically  align**  by 
further  adjustment* 


>x  30 1  passive*  installed  and 
the  transit  method  required  no 
Note  reflection  of  one  passive 


in  the  face  of  the  other. 


F-54 


Figure  99*  Final  optimising 
of  a  16**  20*  passive* 
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A  minimum  spacing  between  two  passive  repeaters  or  between  a 
passive  repeater  and  the  illuminating  antenna,  must  be  observed  when 
applying  the  gain  equation  for  a  passive  repeater.  In  general,  when 
the  gain  of  the  passive  repeater  is  within  ten  db  of  the  space  loss, 
the  "near  field"  method  should  be  used  to  figure  the  net  path 
performance.  Example  problems  will  explain  this  more  fully. 


DOUBLE  PASSIVE  REPEATERS 

Double  passive  repeaters  are  used  when  the  transfer  angle  is  less 
than  50  degrees,  or  where  no  site  exists  from  which  one  passive  could 
"see"  both  terminal  stations.  The  transfer  angle  is  the  angle  through 
which  it  is  required  to  bend  the  microwave  beam  and  it  is  also  the 
compliment  of  the  horizontal  included  angle* 

The  calculations  for  a  double  passive  repeater  installation  are 
straightforward  as  subsequent  examples,  will  show.  Several  pairs  of 
Microflect  passive  repeaters  are  presently  working  in  double  passive 
systems « 

When  the  'spacing  between  the  two-  passives  is  decreased  to  the 
point  that  the  space  loss  in  the  path  between  the  two  is  less  than, 
or  within  seven  db  of  the  gain  of  the  larger  of  the,  two  passives, 
then  the  close-coupling  effect  of  the  passives  must  be  considered. 

A  paper  discussing  this  effect  was  presented  to  the  IRE  national 
convention  in  1957  by  Richard  F.  H.  Yang.  A  recent  application  of 
two  large  passive  repeaters  spaced  80'  apart  has  been  evaluated  and 
found  to  agree  with  the  results  predicted  by  calculations  based  upon 
Mr.  Yang's  paper.  Sample  problems  have  been  included  to  illustrate 
the  necessary  calculations* 


References 
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When  this  Daper  was  written,  the  author  included  information  and 
expressed  opinions  believed  to  be  correct  and  reliable.  Because  of 
the  constant  advance  of  technical  knowledge,  the  widely  differing 
conditions  of  possible  specific  application,  and  the  possibility  of 
misapplication,  any  application  of  the  contents  of  this  naper  must  be 
at  the  sole  discretion  and  responsibility  of  the  user. 
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SAMPLE  PROBLEMS 

The  following  sample  problem#  ore  included  to  illustrate  the  general 
principle#  involved  in  the  theoretical  and  practical  application  of 
passive  repeaters*  The  calculations  will  involve  the  path. from  the 
transmitting  antenna  to  the  receiving  antenna*  Ho  attempt  will  be  made 
to  evaluate  the  waveguide  and  filter  losses,  receiver  threshold  levels, 
transmitter  output,  signal  to  noise  ratios  and  so  forth,  as  these  items 
vary  from  system  to  system*  Some  manufacturers,  as  a  safety  factor, 
add  1  db  loss  to  each  dish,  path,  and  passive  repeater  in  the  system* 

This  allows  some  cushion  above  the  guaranteed  system  performance* 


Symbols 

total  gain  nr  loss  in  db  for  a  microwave  path  including 
the  gain  of  the  terminal  parabolic  antennas* 


4)  <(i  path  attenuation  in  db. 


**t»  GP  gain  of  the  transmitting  and  receiving  antennas*  This  may 
be  the  combined  gain  of  a  dish  and  refleetor  combination 
where  a  vertical  dish  illuminates  a  curved  or  flat  tower- 
''■ousted  reflector* 

G*  gain  of  the  smaller  of  two  passives  in  a  double  passive 

arrangement,  or  the  gain  of  the  passive  in  a  single  passive 
arrangement • 

G.  gain  of  the  larger  of  the  two  passives  in  a  double  passive 

arrangement  * 

mth  gain  or  loss  of  a  passive  repeater  in  the  near  field  of  an 

antenna  compared  with  the  gain  of  the  antenna  alone  in  the 
position  of  the  passive* 

elh  gain  or  loss  when  the  smaller  of  two  passives  replaces  both 

passives  in  a  double  passive  arrangement , 

X  wavelength  in  feet  "  f®S/f(ac) 

a2  effective  area  in  square  feet  of  the  passive  repeater  or  of 

the  smaller  of  the  two  in  a  double  passive  arrangement* 

b2  effective  area  in  square  feet  of  the  larger  of  two  passives* 

A  Actual  passive  repe.ater  area  in  square  feet 

D*  parabolic  antenna  diameter  in  feet* 
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Example  4,  Find  the  net  gain 
for  the  system  to 
the  right* 


$•  u\ 


39  ml 


I#'  01*9 


OOOmc* ,  i  =  iH4* 


First,  determine  whether  or  not  the  passive  is  in  the  near  field  with 
resnect  to  the  antenna* 


±  .  XAdi  .  £+***)  «  <7.7,7  <2.5-  inspection  of 


•f  « 


the  curves 


toX*9*’0)  on  page  22  will  show 

that  values  for  1/K  of  less  than  2*5  indicate  that  the  passive  is  in  the 
near  field  with  respect  to  the  antenna*  Use  enuation  3* 


[d  * 

(Sit  *  **¥2.7  Jk  }  <Xz.  M 


J-*  “VcnS  -  •  «•**  .  tor  *  ;«J«  »f  »-33  for  -1- 

v  and  0.717  for  "1/K"  read 

on  the  graph  on  page  32  for  dn  a  value  of  ♦  0*2  dk. 


/s  «  ♦  N2.7  +  fl.C  -  »N2.3  +  i**,7  »  -  et.1 


Example  5>  Same  as  example  4  except  with  the  short  leg  increased  to  2*5  mi 
which  would  make  the  long  leg  31 *75  miles* 

■fc  =  .  2.3*  <  2.r 

OtX’t'-O) 

This  is  practically  on  the  boarderline  between  the  near  and  the  far  zones. 
The  nroblea  will  be  solved  both  ways  for  comparison. 

Near  field  method:  X~  0,33  as  s^Pasfe.  Fr«M  CHART t  </*  »  rf,+  Jb 

°<t-  •  -rl4Z, 7  3/.7f  MUSS* 

[*  *  t  ♦  *] 

-9.V-  -  m.7  42.7  »  -  i!,n  Jk  — ■  -  - - 


Far  field  methods 


£ 


“  4t  t  *<,  t  <^*1  + 


J 


€><1  »  - 120.&  J6  <t  2.  T  /w//c 

•  SO  Lot, 


fa  «  a*  (  ff. 


i/p.  a  «/£ 
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cfs  *  ♦  ‘*2.7  -  'V2.7  ♦  -  ,20.6  +  42. 7  •  -  47.  3  Jk 


The  oath  losses  are  the  same  by  both  methods  as  they  should  be,  within 
Mm;  accuracy  of  the  charts  and  graphs  used  for  the  solutions* 


it*  on* 


EX  AH  VIS.  6,  Find  the  net  gain  for  the  system  shown 

to  the  right*  Check  to  determine  whether 
the  two  passives  are  in  the  near  fielt*  with 
respect  to  each  other  and  also  check 
to  see  if  the  smaller  terminal  leg  puts 
the  passive  in  the  near  field  with  respect 
to  the  dish* 


£ i*  »  Ct  -  ++2.1  Jl  i$r  i$  dfthts 

*7SOO'  Path,  Ut  *  -  Ud  id 
Z4  mC  Pat*,  JLz  *  -  f¥#3  id 
mom*  Pat*,  #(i  «  -  us.B  id 

6+*i9L»*  HZ 

Av  (o.mjO* 

G«-  *  2t>  t#*  \*rtooo  *  v  /«r.4  Jk 

4*  =  zot**  »*;> 

6*  =  zo  )91,  coo  -  ♦  ^4 

Consider  the  7,500*  path: 

£  -  «  2.^  -  2>r 

^  *#  *  fcfX  e»i  «*J 

Flt»M  THE  C/iAKT ,  -  to,  Jk 

t  tor.  h  -  \>t*  »  —  /o-i  ill 


Thus  the  first  passive  is  on  the  boarder  between  the  near  and  the 
far  field  and  the  loss  is  the  sane,  within  the  accuracy  of  the  charts, 
for  both  methods. 


O  i#‘  PISH 


Consider  the  two  passives: 

Cl~  o  MO  cn  CZ*  •  ?+*  ,  «  •  If. 4 

iv  =  1 40  ett  HW t‘  •  VEf,  k  *  Zt.O 

d.  «  a  A  di  (E  X  o.HfX  •*!•*)  . 

K*  - = -  *  - 


3.V 


a»  »♦¥ 

rne  ci/r  vet  <?w  pa*e  33  ,  *</>«*  - 
(9i  -  »  +  loi  -  110.8  *  -  V.fl  Jk 


F-60 
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This  indicates  that  the  two  passives  are  slightly  less  effective  when 
tlie  calculations  arc  based  on  the  near  field  oethod  when  cospared  with 
the  far  field  set hod* 

net  path,  far  field  X-  St  *  cl »  + 

•<  «  ♦12.7-HA.  0  ♦  mF.  V-  W.B  *ICt,  -HO. 3  -f-12.7  -  -70.?  JL 

net  path,  near  field  for  both  the  first  leg  and  the  two  passives 

1  4  m  6*  t  *1*  f  -r  JLz  t 

•(  »  t  *2.7-  /0.#  -  *¥*3  *■  ¥2.7  *  -  70. 

Thus,  in  boarderline  cases,  both  Methods  give  the  sane  results* 


Exanple  7»  Find  the  net 
path  gain  for 
the  close -coupled  ay  stoat 
shown  to  the  right* 


6 1  •  C*  »  !0  L*Cf  JEiSjgL 

A 


to  Lttf  (s XlL)*'  ,  !0 Lot,  Ht.000 


11,000  me. 
A  •  0.  IBIS' 


Cn*  •  Cmt~  *  *  S’Z  At, 


Ut  m  -  izz.o  Ah  for  Jme  Both 

*<t  *  -  !*♦».  C  Ah  f»b  ZJ.e  Jm i  poH, 

Check  to  see  if  the  5*4  aile  path  ia  ahort  enough  to  nut  the  first 
passive  in  the  near  field  of  the  antenna, 

X  „  JT.dJj.  .  .  2.f2  >  2.4“  so  use  the 

+  *  &X-710  tot  IT) 

far  field  scheae  for  the  dish  and  the  passive*  The  two  passives,  only 
80'  apart  are  clearly  close-coupled. 


A*  «  7Z0  <»t  jo*  •  f  m.  »  z .? 

•  7  20  cat  t7*  *  4#f  #  A  •  24.2 

*£»  s  g.jjf  .  QsXo.OMyjf  go)  m  q,oz3 
4*  'UZlf 

Fr*m  33>  o(r  m  O 

PA£,s  27  }  £«.  »  +rzo.s  di 


it  •  LOS 


F-ROMt 
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_  r  ’iz  r*w.  - .  - 

For  very  small  values  of  1/K  ,  <*r  *  0  db  regardless  of  the  size  of  the 
larger  passive. 


♦  JL»  ♦  6s  -retfr 


♦  «^z  ♦"  6rj 


^  =  *  5"2  -  J32>£  r  IZO.^+O  -  l«#a.r  *  SZ  »  -  S~2.  A  Jj,- 


Example  8,  Assume  one  was  unaware  of  the  close-coupling  effect  of  two 
passives.  Solve  problem  7,  incorrectly  by  the  far  field 
method. 

FWM  27  ,  6a-  *  r  «/.  ? 

Fmh  VAtC  20  j  «(i  »  -  H.U  Jb 


at*  6tr+'a<»  f  4*  f«<3  ♦  6a 


*■  •<*  *  6rJ 


-  *-5~2.  -  /?2.A  e-  /2^.r-8/-A  *  I2/-3- wu.f  tf2  »  -/Z,*7 

I'rnorin^  the  coupling  effect  would  thus  result  in  an  error  of  10  db  and 
would  doubtless  result  in  failure  of  the  path. 


Example  9,  Prove  that  the  curve  on  figure  43  >  pate  32-  »  ffivea  the  same 
results  as  the  far  field  method  when  l/K  is  greater  than  2«S< 

If  this  is  true  then  <Xe  *  o(i  +  6* 

*6.  -  20  Lot  J2£KL  »  **  L**  ff—  .2 oLe*ifa  - - <<» 


v(i  —2o  u>4 

6a  *  20  iPV 

«atra»x 

*  20  Lot  -- ff,  • 


*  20  Lot  £4, 
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Examplm  10.  For  the  my* tmm  to  thm  right, 
detsrwine- 

1.  Face  angle,  •- 

2.  Horizontal  correction  angle,  4^ 

3*  Effective  passive  area  *  , 

4.  Vertical  and  horizontal  EukV 

be ae width  in  degrees.  *t£f  \ 

Else,  of  P.fc.  center,  4525*+  18*  -  4543* 


Elev.  of  dish  #1( 
Else,  of  dish  #2, 


3020*+  40*  *  3060* 
4210'+  20*  -  4230* 


PlM  /  9H 
A  H*'  TtmffK 

<*»*-  &R  3*a 


i,°CO  mu 

A-  «./*¥ 


ei  *  t"f1  Ha>T52ro)"~  "  °-134 

#2  *  7°38*  downward  fron  the  passive 


A  correction  for  the  curvature  of  the  earth  ehould 
be  applied  to  path#  over  a  few  niles  long. 


Path  #2,  Curvature  correction. 


-  1,350* 


e2  -  tan*1  ii4fcl.42302.liiq}  -  -16.63,  _  -  0.007 
2  45(5280)  23^,000  U‘  7 

02  *  0°24*  downward 


-P/5H  *  Z  0*4  1 
a  la*  r«wiR 

Gw?,  ftev,  142/^" 


Calculations  baaed  on  the  equation*  shown  on  page  17  are  aade  on  the 
calculation  aheet  on  the  next  page  for  the  face  angle  and  the  horizontal 
correction  angle*  The  calculations  indicate  a  face  angle  of  4°4lf  down¬ 
ward  and  a  correction  angle  of  0°08f  towards  path  #2  which  ie  the  path 
with  the  least  vertical  angle.  The  horizontal  correction  always  rotates 
the  bearing  of  the  passive,  in  the  direction  of  the  path  with  the  least 
vertical  angle,  regardless  of  whether  the  angle  is  upward  or  downward  fron 
the  passive* 

Effective  Ares  -  A  cos  X  cos  0,  6  -  7o38*-0°24*  -  7°14* 

■  (24x30) (cos  31°) (cos  7014*) 

■  612  square  feet. 

Por  beaswidth  calculations!  effective  width  m  30  cos  31°  *  25.7* 

effective  heigth*  24  cos  7°14*  “  23.8* 


Horizontal  beaswidth  »  Ot,  »  $8.7  A  m 

25.7 


“  0.374  degrees 


Vertical  beaswidth. 


oT  -  liix|lloa6il  - 


0s 404  degrees* 
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f  passive  CEPEATcE  eeahisg  caixulatkk  sueet  (seraile  calculation)] 

4li*%iVC  Any  '[S1T£  Hilltop  jjLocatloa 

fcuis  Uoatjl  luclucetl  tnjlc  bctvcea  patbi:  2*>c-  62° 


iW-bjlf  the  horizontal  included  angle 


2*x- 

o<  • 


31- 


Jrrl  «*  - S 
degr  ci*s  n 


Vertical  angle  froca  horizontal  to  path  1:  -  0°  2i|* 

Vertical  angle  froa  horizontal  to  path  2:  ^  *  7°  30* 


degrees 

degrees 


*  6  I  cos  “©2 


0.99998 


cos  «. 


=  0.99993 


0.99144 


11 


7  I  cor.  ©j  +  COS  ■02 


9|  cos  ©2 


0.99144 


1.99142 


I0]  cos  ©1  -  cos  ©2 


0.00854 


E 

jnj  sln©t  *  sin  -9; 


llj  sin  -©1 
!J|  sin  ©, 


0.00693 


tan  cx 


=  0.60086 


-  0.13053 


jl5j  cos  cx 


0.85717 


-  0.13731 


JLL 


r 

i 

Sib 


|17! 

r 

I 

?19; 


}20 


tanA0^  »  Laa<=K 


cos  "  cos  T2 
cos  +  cos  ©2 


(u)  Cio) 

(  0.60086  ){  0.00854  ) 

(  1.99142  ) 

171 


0*00257 


Ao<  - 

cos  Ao<  » 


0°  09* 


degrees  toward 


1.0000 


tan  ©j 


cosAp<  sin  ©2  *  sin  ^2 
cos  o<  cos  ©2  *  cos  *^2 


0*>  fc«3) 

(  l.oooo  )(  0.13751  ) 

(  0.8571?  )(  1.99142  ) 

o.j  in 


0.03057 


©3  -  4°  36' 


Up 

X 

Down 

Cosines  and  tangents  are  positive.  Sines  are  positive  when  the 
angle  slopes  downward  froa  the  passive  repeater,  and' negative 
Sign  Convention.  when  the  angle  slopes  upward  froa  the  passive  repeater.  ?Jote 

that  A<><  always  rotates  the  passive  bearing  towards  the  path  ^ 
with  the  least  vertical  angle.  Slide  rule  accuracy  sufficient. 


p 

i 


Sketch 


To  gath  #2 

*$2=  7^  301  (downward) 


U^viM  - 

Passive 

Repeater 

\  *  2«*  =  62° 
\f<=  31°  / 

To  path  #1 


i 


-$2=  0°  2^*  (downward) 
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PASSIVE  REPEATED  BEARIKG  CALCULATION  SHEET 


Passive 

Sire 


Location 


Horizontal  included  angle  between  paths: 

2<x- 

degrees 

One-half  the  horizontal  included  angle 

o<  ■ 

degrees 

Vertical  angle  froa  horizontal  to  path  1:  ^  ■ 


Vertical  angle  froa  horizontal  to  path  2:  ^  • 


cos  02 

- 

cob  0^  +  cos  *02 

- 

sin  0^ 

~  - 

m 

degrees 

n 

1 

Up 

Down 

m 

degrees 

-j 

Up 

Down 

CO*  0| 

- 

cos  *02 

- 

COS  *01  -  COS  *02 

m 

tan  cx 

- 

coso< 

m 

COS  01  -  COS  02  ( 

CM) 

)( 

Uo) 

) 

'  cos  01  +  cos  02 

( 

(7) 

) 

A~<  - 

degrees  toward 

cosAo<  “  } 

cos^p<  sin  0i  +  sin  02  ( 

(It) 

)( 

0» 

) 

- J 

tan 

cos  o<  cos  0^  +  cos  -02  ( 

Os) 

)( 

) 

in 

■»3 

•  degrees 

(when  tan  03  is  negative 
(when  tan  03  is  positive 

— ► 

) - ► 

Up 

uovri 

Sign  Convention: 


Cosines  and  tangents  are  positive.  Sines  are  positive  when  the 
angle  slopes  downward  from  the  passive  repeater,  and  negative 
when  the  angle  slopes  upward  froa  the  passive  repeater.  Note 
that  A«<  always  rotates  the  passive  bearing  towards  the  path 
with  the  least  vertical  angle.  Slide  rule  accuracy  sufficient. 
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Customer  Computations  by 


MICftOFLECT  CO.,  I  no* 

wimimrT-uuH.oM  M/Mt nr 


i!orlxoatal  included  angle  between  paths: 


One-half  the  horizontal  included  angle 


Vertical  angle  fron  horizontal  to  path  1:  -63  - 


i 

A  |  Vertical  angle  from  horizontal  to  path  2:  ^  " 


degree 


degrees  j-]^ 


tan  cx 


cos  o< 


sin  -0,  +  sin  -02 


16]  tanA^  -  taao< 


cos  -0^  -  cos  -02 
cos  -0^  +  cos  -02 


A  o< 


cos  A°< 


19  tan  -03 


cos  sin  -0^  +  sin  -02 

COO  0<  C03  £3  +  cos  -07 


C7) 


degrees  toward 


-03  - 


Sign  Convention: 


Sketch 


degrees 


(when  tan  -03  is  negative} 
(when  tan  -©3  is  positive) 


Cosines  and  tangents  are  positive.  Sines  are  positive  when  the 
angle  slopes  downward  from  the  passive  repeater,  and  negative 
when  the  angle  slopes  upward  from  the  passive  repeater.  Note 
that  A<k  always  rotates  the  passive  bearing  towards  the  path 
with  the  least  vertical  angle.  Slide  rule  accuracy  sufficient. 
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MIOtOruSCT  COu.lno. 


DATE _ 

ENGINEER. 


MICROWAVE  PATH  DATA  CALCULATION  SHEET 


CUSTOMER 
PROJECT  N0- 

SYSTEH _ 

LOADING _ 


_  FREQUENCY. 
-dt*0  ( _ 


SITE 

LATITUDE 

LONGITUDE 

ELEVATION 

Ft. 

TOWER  HEIGHT 

Ft. 

TOWER  TYPE 

AZIHUTH  FROM  TRUE  NORTH. 

PATH  LENGTH 

Hi. 

PATH  ATTENUATION 

dB 

RIGID  WAVEGUIDE 

Ft. 

FLEXIBLE  WAVEGUIDE 

Ft. 

WAVEGUIDE  LOSS 

dB 

CONNECTOR  LOSS 

dB 

CIRCULATOR  OR  HYBRID- LOSS 

dB 

m 

□ 

B 

□ 

□ 

II 

ml 

□ 

m 

EE 

\m 

P 

I  EE 


15  RADOHE  LOSS.  TYPE* _ 

16  HEAR  FIELD  LOSS _ 

17  CLOSE  COUPLING  LOSS  (DOUBLE  PASS 

18  TOTAL  FIXED  LOSSES _ 

19  TOTAL  LOSSES _ 

20  PARABOLA  HEIGHT _ 

21  PARABOLA  DIMETER _ 

22  H1CR0FLECTQR.  HEIGHT _ 

23  HICROFLECTOR.SIZE,  TYPE 

24  PARABOLA-MICROFLECTOR.SEP. 

25  HEAR  FIELD  GAIN _ 

26  ANTENNA  SYSTEM  GAIN _ 

27  TOTAL  GAINS _ 

28  NET  PATH  LOSS _ 

29  TRANSMITTER  POWER _ 

30  HEP.  RECEIVED  POWER  (A  2  dB) 

31  RECEIVER  NOISE  THRESHOLD 

32  THEORECTICAL  RF  C/H  RATIO _ 

33  FH  IHP.  THRESHOLD  (  dBa) 

34  FADE  MARGIN  (To  FH  Imp.Thresh.) 

35  RELIABILITY _ SPACING  t 

36  POLARIZATION  t _ 

37  PROFILE  NUMBER 


_ EQUIPMENT. 

.CHANNELS  OF 


mu 

Hill 

linn 

mm 


c 

s  • 

cr  r? 

+*  y  5 

■*-  Iju 


o  v  r 
i  o 

s 

•  •  £ 
seer  g 


2*  - 
-r- 

a  -S’  ^ 
r~. 

5-2  w 

C  O 

a 

3  4) 
cr  u 
0}  ns 
i-  a. 


*o  <a 
o  as 
*ox 

S  -S-o 

•§  ss 

DIU. 


[®RI6D,  T.U. 
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Sheet - of 


MlCftOmjBCT  CO-.frxx. 

UM  11*11  UW  OK  -  W/1UW 


DATE _ 

ENGINEER 


MICROWAVE  PATH  DATA  CALCULATION  SHEET 


CUSTOMER  - 

PROJECT  NO _  FREQUENCY - 

SYSTEM _ _ _ _ _ EQUIPMENT. 


LOADING _ dtaO  ( - CHANNELS  OF  —  ) 


LUAUUiU  uu.™ 

1  SITE 

# 

2  LATITUDE 

3  LONGITUDE 

4  ELEVATION  Ft. 

5  TOWER  HEIGHT  Ft. 

6  TOWER  TYPE 

_ i 

7  AZIMUTH  FROM  TRUE  NORTH. 

8  PATH  LENGTH  Hi. 

9  PATH  ATTENUATION  dB 

10  RIGID  WAVEGUIDE  Ft. 

ii  FLEXIBLE  WAVEGUIDE  Ft. 

12  WAVEGUIDE  LOSS  dB 

13  CONNECTOR  LOSS  dB 

14  CIRCULATOR  OR  HYBRID  LOSS  dB 

15  RADOME  LOSS.  TYPE*  dB 

Him 

Hill 

16  NEAR  FIELD  LOSS  dB  __ 

iiimam 

■■mill 

1?  CLOSE  COUPLING  LOSS 'DOUBLE  PASS.)  dB 

llll 

_ 

IHHIIH 

18  'TOTAL  FIXED  LOSSES  dB . 

ill  mm 

1 

■■iiiii 

19  TOTAL  LOSSES  dB 

iiimam 

■mini 

20  PARABOLA  HEIGHT  Ft. 

III! 

i— 

— ■ 

imnnii 

21  PARABOLA  DIAMETER  Ft. 

mg 

ii  a 

■ 

ihiiiii 

22  MI CROFLECTOR* HEIGHT  *  Ft. 

iimi 

IM 

a 

!■  ■■■Ill 

23  MICROFLECTORe SIZE,  TYPE  Ft.  r 

HIM 

1— llll 

24  PARABOLA -MICROFLECTORe  SEP.  Ft.  [ 

III! 

ihiiiii 

25  NEAR  FIELD  GAIN  dB 

mm  m 

Mmiiin 

HIM 

27  TOTAL  GAINS  dB 

uimgi 

Bffljj 

28  NET  PATH  LOSS  dB 

IIUHHH 

IMHIII 

29  TRANSMITTER  POWER  dBm 

HI— i 

■  mill 

30  MED.  RECEIVED  POWER  (±  2  dB)  dBm 

iim 

hhiiiii 

3i  RECEIVER  NOISE  THRESHOLD  dBm 

III—! 

maamiiu 

32  THEORECTICAL  RF  C/H  RATIO  dB  1 

■■■aw— 

■Hill 

33  FM  IMP.  THRESHOLD  (  dBa)  dBm 

mi 

■HHIIIII 

34  FADE  MARGIN  (To  FM  Imp. Thresh.)  dB 

iiim— 

■HHIIIII 

35  RELIABILITY  SPACING t  * 

m— — 

■iiiii 

36  POLARIZATION  t 

iii— 

I^^hmiiii 

37  PROFILE  NUMBER 

111mm 
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Unheated  .  (  f  -  Frequency  Diversity  N  -  Non-Diversity  ♦  i  ^  cal 
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FOREWORD 

A  short  htetory  of  the  development  of  the  prediction  method®  In  this  Technical  Note  will 
permit  the  reader  to  compare  them  with  earlier  procedure*.  Some  of  these  methods  were  first 
reported  by  Norton,  Rice  and  Vogler  [  1955],  Further  development  of  forward  scatter  predictions 
and  a  bettt  r  und«*i  standing  of  the  refractive  Index  structure  of  the  atmosphere  led  to  changes  re¬ 
ported  in  an  early  unpublished  NBS  report  and  in  NBS  Technical  Note  15  [Rice,  Longley  and 
Norton,  I V b9) .  The  methods  of  Technical  Note  15  served  as  a  basis  for  part  of  another  unpublished 
NUS  i  rpoi  l  which  was  Incorporated  in  Air  Force  Technical  Order  T.  O.  312-10-1  In  1961,  A 
preliminary  draft  of  the  current  technical  note  was  submitted  as  a  U.  S.  Study  Group  V  contribute:, 
to  the  CCIU  in  1962. 

Technical  Note  101  uses  the  metric  system  throughout,  For  most  computations  both  a 
graphical  method  and  formulas  suitable  for  a  digital  computer  are  presented.  These  include  simple 
and  comprehensive  formulas  for  vomputlng  diffraction  over  smooth  earth  and  over  Irregular  terrain* 
as  well  as  methods  for  estimating  diffraction  over  an  isolated  rounded  obstacle.  New  empirical 
graphs  an*  Included  foi  estimating  long-term  variability  for  several  climatic  regions,  based  on  data 
that  have  been  made  available. 

For  paths  in  a  continental  temperate  climate,  these  predictions  are  practically  the  same  as 
those  published  in  1961.  The  reader  will  find  that  a  number  of  graphs  have  been  simplified  and  that 
many  of  the  calculations  die  more  readily  adaptable  to  computer  programming.  The  new  material 
on  time  availability  and  seivUc  probability  in  several  climatic  regions  should  prove  valuable  for 
areaa  oth«  r  than  the  U.  S.  A. 

Changes  In  this  revision  concern  mainly  sections  2  and  10  of  volume  l,  annexes  I,  II  and  V 
of  volume  2,  and  certain  i  badges  in  notation  and  symbols.  The  latter  changes  make  the  notation 
more  consistent  with  statistical  practice 

Section  10*  Long-Term  Power  Fading  contains  additional  material  on  the  effects  of  atmos¬ 
pheric  sti  o  tiflcation. 

For  convenience  in  using  volume  2,  those  symbols  which  are  found  only  In  an  annex  are 
listed  and  explained  at  the  end  of  the  appropriate  annex.  Section  12  of  volume  1  lists  and  explains 
only  >nu*e  symbols  used  in  volume  1, 

Note.  This  fi^hnical  Note  consists  of  two  volumes  as  Indicated  in  the  Table  of  Contents. 
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TRANSMISSION  LOSS  PREDICTIONS  ECR 
TROPOSPHERIC  COMMUNICATION  CIRCUITS 

P.  S_.  Rtc*.  A.  G.  Lcoglcy.  K  A,  Ncrtcuu  £=c  A.  ?  l&arsis 
I.  INTRODUCTION 

This  report  prestats  comprehensive  methocs  of  czltcheioc.  jahufe  Wc-*  tV:s<S 

either  for  explaining  or  for  predicting  cumulative  distribctsccs  of  transmission  loss  f^r  a  «»«*> 
range  of  radio  frequencies  over  almost  any  type  of  terrain  and  In  st  *  era!  *  Umati*  f  -ions  S»>  L 
quantitative  estimates  of  propagation  characteristics  help  to  determine  r^r.  %*!!  sropijt  . 
systems  will  meet  requirements  for  satisfactory  service,  free  from  harmful  mi*  :  r*  r  -  n*v  ■  .  1  hu> 

they  should  provide  aa  important  step  toward  more  ihuirs!  us*  M  the  radio  Ift'C'Trn.  »  s:-  trurs 

The  fired  for  comprehensive  and  at «  ur^lr  <  ah  ulation  :&-«  ihu«:s  is  •  !»-* r  K  &  • 
when  measured  transmission  loss  data  for  a  large  number  i>:  r.  div  oaths  ait  .is  -*  .*  n 

non  of  path  length.  In  figures  I. !  to  ..4  c:  annex  leng-tern*  :::~dian  values  c*3  a;t-  siuat!***  ? 
live  to  free  space  for  more  than  7St»  radio  paths  are  plotted  rsut  distance.  The  txtren.-  U 
wide  scatter  of  these  data  is  cue  rruatnly  to  path-to-path  diifercrues  :n  terrain  profiles  and  es- 
icetive  antenna  heights.  Vak.-s  recorded  ior  a  long  period  of  time  o  *  *  r  a  single  path  sh>»  com¬ 
parable  ranges,  sometimes  ex* » cdir.g  lov  dr*  ifc*  Is.  Such  trrr*-f-:»<5«j>**s  path -to- Dash  j;,d  tis?.« 
variations  must  be  tactfully  t  onsidered.  parluaiarK  m  vases  of  possible  inlrfl*  ; • 
to-channel  or  adjac  ent-c  hannrl  systems.  Included  in  jnn**x  I  is  a  method  for  «*bt.i  e.i:i_  pr  - 
Hminary  reference  values  oi  transmission  loss  for  a  Aide  range  of  prediction  nar^mt  urs 

The  detailed  point -to-pomt  methods  described  here  dej*end  on  propagation  path  si  osn 
rtry,  atmospheric  retra.  t* * ily  near  the  surta*  e  of  the  earth,  and  specified  *hara*  krt»tu« 
antenna  directivity,  i  hey  have  been  tested  against  measureim nls  in  the  radii*  lrtq«u%>  v  rang* 

40  to  10,000  MHz  (iim  gahtrlz  nu-g.u  p  1*  s  t>«  r  set  oud).  Kstimales  of  all*  motion  dm  *«»  *1.. 
sorption  and  sejlt«-i  me  ol  radio  cite t  gv  by  runts  «  oust i tut  nls  «*1  tin  *f r <  «i  tu  1  *#!••! 
in  order  to  extend  the  appluation  of  these  methods  to  frequent  i«-s  up  to  1**1*  (.»!?. 

Calculations  of  long-term  median  reference  values  of  tra  .smission  loss  ^r*-  bas«  d  on 
current  radio  propagation  theory.  A  large  sample  of  radio  data  vus  us«  n  to  develop  th<  . 
pirical  predictions  of  regional,  seasonal,  and  diurnal  t  hanges  in  long-t*  rm  media  «s.  I  Mi 
mates  of  long-term  fading  relative  to  observed  medians  are  given  lor  several  *  imiati*  *  s 

and  periods  of  time,  including  some  regions  where  feu  observations  arc  available 

Calculations  of  transmission  loss  for  paths  within  the  radio  horizon  are  based  •*:, 
geometric-optics  ray  theory.  For  paths  with  a  common  horimn,  F  r*  snel-Kirc hoff  kn if*  * -J  „«. 
diffraction  theory  is  applied  and  extended  to  predict  diffrat  tion  att*  nuatior.  ov  t  r  isolated  j  c*  h  \ 
obstacles.  For  double  horizon  paths  that  extend  only  slightly  l*w..  d  On  horizon  a  moh*.  ,  f4on 
of  She  Van  der  Pol-Bremmcr  method  for  computing  field  intensitv  in  th<  tar  diffra.  t*..*.  rci.iv*.  *k 
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3  fi-pvjjc-e  j-ult*.  «r-*c«rcto2!sjt  **vll  BxryocxS  b js«Si<o*  iwisrireta.  prrdicBBtxcw  Jfr  fcu#r<3  eta 
C«p«  v-  «i»s  -*  -cc.  e  8 K-m-E**  *!L*IU  m*>  used  to  rtlictulr  the*  -rfitflrfrsary  o!  »*  ^tc«-o  fiaaj-  ac  «ir- 
«.*».*  ■*•  t^Etli  ss-  sbr-  -«:-tt**ap&-rir«r.  Whric  sccv c-  *4ccsgrfl  **veSE*  a*  CO  wr^Ss  DC-c^HjpJiCsiwaj  »ttr*  C&ii=B 
ejects  ,  -  trasts  mis  sice*  Isxsm  Is  calculated  by  taro  rstrC hods  ax<a  tt'fcr  resefiss  <rt  ccess- 

B-5av  *5. 

I  x  -n,  m-*  (o  »  «rttjic»tf  transmissive:  lews  fer  2  !tKr-o4-ss<al  c^sL  2a  £so- 

Mir«l  »;<!  ~  Itwg  Sr2s$corixca  path  irr  gives  foSiowisg  sr*  Cress  5w  7  2m!  9 

t .  *|*«-.  i».  I> .  Srtttoa  12  providers  a  list  of  symbols  2nd  ifjbrrviiticss  csed  is  tlac  text. 
m  -  ul  esrd  ooly  is  jn  2ssrx  are  defined  at  the  ccd  of  tet  appropriate  asses. 

I  lsdsdcs  a  Stt  of  ’*a»2i>dir<?‘  curves  of  basic  transmission  loss  and  curves 
m-l-r  ii^  uiirr.ciiion  below  free  space  for  earth  space  communications,  prepared  using  the 
.« ihtKb  *f^3t  r!brd  in  the  report.  Such  corves,  and  the  medians  of  data  thewa  oo  figures  I.  a 
:  >  M.  um*  trrve  for  general  qualitative  analysis,  but  clearly  do  cot  take  account  of  par¬ 
ti  ul.ii  t«  a  x .*in  profiles  or  climatic  effects  that  may  be  encountered  over  a  given  path. 

Asm*  *  11  supplements  the  discussion  of  transmission  loss  and  directive  antenna  gains 
Kuc»»  li>  section  2.  This  annex  contains  a  discussion  of  antenna  beam  orientation,  polariza- 
tw«f*.  multipath  coupling  loss. 

A su«ex  III  «  ontains  information  required  for  unusual  paths,  including  exact  formulas 
K»i  .  «*mjmtlng  Hne-of-sight  transmission  loss  with  ground  reflections,  as  well  as  modifica¬ 
tions  of  tl.«-  formulas  for  antenna  beams  which  are  elevated,  or  directed  out  of  the  great 
.  irilr  1'l.ane.  Analytic  expressions  suitable  for  use  on  a  digital  computer  are  also  included. 

Annex  IV  reviews  tropospheric  propagation  theory  with  particular  attention  to  the 
mechanisms  of  forward  scatter  from  atmospheric  turbulence,  from  layers,  or  from  small 
i .tiidomly  oriented  surfaces.  References  to  some  of  the  work  in  this  field  are  included. 

Annex  V  presents  a  discussion  of  ,,phase  interference  fading"  as  contrasted  to  "long- 
!«  .  n.  t  hiding",  provides  a  method  for  computing  the  probability  of  obtaining  adequate 
h‘  t-  «  In  i!u  presence  of  noise  and/or  interfering  signals,  and  includes  a  brief  summary 
ol  w.i y n  to  achieve  optimum  use  of  the  radio  frequency  spectrum. 

I  *r«  vtons  NUS  Te c hide  a  1  Notes  in  this  series,  numbered  95  to  103,  describe  tropo- 
.fdirr  it  |  i  i»p«ig.t  lion  phenomena  and  siting  problems  f  Kirby,  Rice,  and  Maloney.  1961], 

•  •  1 1..I1.  ii. c  teuiological  phenomena  and  their  influence  on  tropospheric  propagation  [Dutton, 

!  ml.  Duiiun  and  Thayer,  1965],  synoptic  radio  meteorology  [  Bean,  Horn,  and  Riggs, 

;  »(»2|.  u  ,  hniques  for  measuring  the  refractive  index  of  the  atmosphere  [  McGavin,  1962], 
*ietc  i  initiation  of  system  parameters  [  Florman  and  Tary,  1962],  performance  -'rcdictions 
lui  i  uiniiiuiilt  ation  links  [  Barsis,  Norton,  Rice,  and  Elder.  1961],  and  equipment  charac¬ 
ter  Utii  s  |  B.trghausen,  et  al..  1963] . 
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2.  TStE  CONCEPTS  Or  SYSTEM  LOSS.  YHAfiShGSSON  LOSS,  PATH  ACTESCKA  GA0L 

AS®  PATH  ANTENNA  PCVEH  GADS 

DeffsSlfctna  fc2re  brca  given  £a  CCZB  BeccmmeuicfiEfce  34B  far  system  ic*».  L^.  erasis- 

mfxffico  Ecsss.  JL.  pvc pagatico  lass,  E,  ,  baxfc  erauxmfsrfces  lass,  L-  ,  path  au^rna  gala. 

P  ® 

G  ,  aad  path  an:re-i.  p*ower  g2hs  G  .  This  secciso  resaws  scene  «f  the  cSefimSigtss.  £a- 
P  PP 

groicaces  a  eJefisStloo  of  •'path  loss®*,  L^,  SHasCrate*  cbe  use  cf  these  terms  a=d  ecracepcs, 
and  describes  methods  cf  measurement  J  Nortec.  1953,  1959,  Waft  S959j„  The  notation  csed 
here  differs  slightly  frees  that  csed  in  Heccmmeafatfca  341  and  £n  Heport  112  |  CCER  I9**3a,  b 
r  or  the  frequency  range  considered  in  this  report  system  less,  transmission  less,  anc  propa¬ 
gation  less  can  be  considered  equal  with  negligible  error  fn  almost  all  cases,  becasse  antenna 
gains  and  antenna  clrccit  resistances  are  essentially  those  encountered  in  free  space. 

2.1  System  Less  and  Transmission  Less 

The  system  less  of  a  radio  clrccit  consisting  of  a  transmitting  antenna,  receiving  an¬ 
tenna,  and  the  intervening  propagation  medium  is  defined  as  the  dimensionless  ratio,  vJ/V  . 
where  wj  is  the  radio  frequency  power  in  pet  to  the  terminals  of  the  transmitting  antenna  and 
is  the  resultant  radio  frequency  signal  power  available  at  the  terminals  of  the  receiving 
antenna.  The  system  loss  is  usually  expressed  in  decibels: 

L#  =  10  leg  (tc‘/w^)  =  W*  -  V  db  (2.  I) 

Throughout  this  report  logarithms  are  to  the  base  10  unless  otherwise  stated. 

The  Inclusion  of  ground  and  dielectric  losses  and  antenna  circuit  losses  in  pro* 

vides  a  quantity  which  can  be  directly  and  accurately  measured.  In  propagation  studies. 

however,  it  is  convenient  to  deal  with  related  quantities  such  as  transmission  loss  and  basic 

transmission  loss  which  can  be  derived  only  from  theoretical  estimates  of  radiated  power  and 

available  power  for  various  hypothetical  situations. 

In  this  report,  capital  letters  are  often  used  to  denote  the  ratios,  expressed  in  db, 

dbu,  or  dbw,  of  the  corresponding  quantities  designated  with  lower-case  type.  For  instance, 

in  (Z.  1).  W*  =  10  log  in  dbw  corresponds  to  in  watts. 

Transmission  loss  is  defined  as  the  dimensionless  ratio  w  /w  ,  where  w  is  the 

t  a  t 

total  power  radiated  from  the  transmitting  antenna  in  a  gwen  band  of  radio  frequencies,  and 
w  is  the  resultant  radio  frequency  signal  power  which  would  be  available  from  an  equivalent 
loss-free  antenna.  The  transmission  loss  is  usually  expressed  in  decibels: 

L  =  10  log  (w  /w  )  =  W  -  W  =  L  -  L  -  L  db  (2.2> 

°  t  a  t  a  s  et  er 

L  =10  log  /  ,  L  =10  log  l 

et  et  er  &  er 
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wJherir  B  and  B  as  defined  is  u  are  power  radiation  and  reception 

Bor  the  transmitting  arc  receiving  irteu,  respectively.  Wish  the  tzcqpcz&zes 

aarf  antenna  betgfcfis  esc aHy  considered" for  trcgosgEserxc  cccssssnSoSsoa  circuits,  these 
etf  cctenete:*  are  nearly  cnity  and  the  difference  bcftrcca  1-^  and  L.  is  negligihee.  With  an- 

Cicseas  a  fraction  of  a  wavelength  above  grccnd*  as  they  eseally  are  at  lower  freosercies,  and 

c-«5?r*  -Jlly  were  feerirostal  ^oUrmtioQ  is  weed-  t  L-  are  tscC  negligible,  bet  are 

ct  er 

milworni  substantially  by  the  presence  c£  the  ground  and  ether  nearby  pcrtfccs  ctf  the  an¬ 
tenna  environment.  „ 

From  transmitter  octpat  to  receiver  irysl.  i be  following  symbols  are  csesb 


Transmitter 

Power 

Total 

Available  Power 

Available  Power 

Available  Power 

Octpeal 

Inpcil  to 

Radiated 

at  tcss-Free 

at  Actual 

at 

Power 

Antenna 

Power 

Receiving  Antenna 

Receiving  Antenna 

Receiver  Input 

w  — 

9P 

—  W 

—  W 

__  vr*  _ 

W 

ft 

t 

t 

a 

a 

fr 

v  _ 

m 

-V - '  ' - 

- - '  ' - 

- V— 

9 

iT 


It  should  be  noted  that  and  are  conceptually  different.  Since  and 

Wj  represent  the  power  observed  at  the  transmitter  and  at  the  transmitting  antenna,  respec¬ 
tively.  L  includes  both  transmission  line  and  mismatch  losses.  Since  W*  and  W 

11  a  i  r 

represent  available  power  at  the  receiving  antenna  and  at  the  receivy  r.  mismatch  losses  must 

be  accounted  for  separately. since  L  includes  only  the  transmission  line  loss  between  the 
antenna  and  the  receiver.  Available  power  and  effective  loss  factors  are  discussed  in  annex  H. 
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2-2  Krccti'^  Qfa  and  Fewer  Gain 

A  Cr2r,5r^i:::r.g  ?rr^:mna  has  a  directive  gah  g#(r)  is  the  direccas  of  a  cd:  vector  f  ifc 

t 

(ii  it  radiates  a  tcCal  of  w^  watts  through  the  surface  of  airy  large  sphere 
with  the  arrrerra.  at  its  center,  asd 
(2)  it  radiates  g^w^  /(4x)  watts  per  ste radian  in  the  direction  r. 

The  same  aateaaa  has  a  power  gain  g*(r)  in  the  direction  r  if; 

(1)  the  nower  innet  to  the  antenna  terminals  is  w*  =  i  v  «  and 

1  '  t  et  t 

(2)  it  radiates  g*^/(4x)  watts  per  ste radian  in  the  cirecticn  r- 

The  antenna  power  gain  is  smaller  than  the  directive  gain  gfc  simply  as  a  result 

of  the  loss  factor  £  .  It  follows  that 

et 

Gt(r)  =  G;{?)  *  Lct  (2- 4a) 

expressed  in  decibels  above  the  gain  of  an  isotropic  radiator.  Note  that  the  antenna  power 
gain  G*(r)  is  less  than  the  antenna  directive  gain  G^'r  by  the  amount  dB,  where  the 

power  radiation  efficiency  1  /£  is  independent  of  the  direction  r  . 

The  gain  of  an  antenna  is  the  same  whether  it  is  used  for  transmitting  or  receiving. 

For  a  receiving  antenna,  the  directive  gain  G^(r)  and  power  gain  G^(r)  are  related  by 

Gr(f)  =  G^(?)  +  I,  .  (2.4b) 

The  remainder  of  this  report  will  deal  with  directive  gains,  since  the  power  gains 
may  be  determined  simply  by  subtracting  L  or  .  The  maximum  value  of  a  directive 
gain  G(r)  is  designated  simply  as  G.  As  noted  in  Annex  IL  it  is  sometimes  useful  to  divide 

the  directive  gain  into  principal  and  cross-polarization  components. 

An  idealized  antenna  in  free  space  with  a  half- power  semi- beam  width  6  expressed 

m  radians,  and  with  a  circular  beam  cross-section,  may  be  assumed  to  radiate  x  percent 
of  its  power  isotropically  through  an  area  equal  to  n6^  on  the  surface  of  a  large  sphere  of 
unit  radius,  and  to  radiate  (100-x)  percent  of  its  power  isotropically  through  the  remainder 
of  the  sphere.  In  this  case  the  power  radiated  in  the  direction  of  the  main  beam  is  equal  to 
xw  /(100*  s2)  watts  per  steradian  and  the  maximum  gain  g  is,  by  definition,  equal  to 
4ttx/(  100x6  )  .  One  may  assume  a  beam  solid  angle  efficiency  x  “  56  percent  for  parabolic 
reflectors  with  10  db  tapered  illumination,  and  obtain  g  »  2.  24/ 6^  The  maximum  free 

space  gain  G  in  decibels  relative  to  an  isotropic  radiator  is  then 

G  =  10  log  g  =  3  .  50  -  20  log  6  db*  (2.  5) 
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U  jnbtcihil  and  vertical  beamwidths  Z6  tsd  26  are  different: 

x  '  z 


|2-6) 


7  U  above  analysis  is  useful  in  connection  with  measured  antenna  radiation  patterns. 

For  antennae  such  as  horns  or  parabolic  reflectors  which  have  a  clearly  definable 
physical  aperture,  the  concept  of  antenna  aperture  efficiency  is  useful.  For  example,  the 
free  space  maximum  gain  of  a  parabolic  dish  with  at  56  percent  aperture  efficiency  and  a  ci- 
cfneter  D  is  the  ratio  of  56  percent  of  it*  area  to  the  effective  absorbing  area  of  an  iso- 
ir«‘iic  radiator: 

G  =  10  log  ffr^tg  ~1  =  20  log  D  +  20  log  f  -  42. 10  db  ?2. 7) 

*  V*7  4* 


where  D  -*««!  A  are  in  meters  and  f  is  the  radio  frequency  in  megahertz,  MHz. 

Equations  (2.  5)  and  (2.7)  are  useful  for  determining  the  gains  of  actual  antennas  only  when 
their  bran*  solid  angle  efficiencies  or  aperture  efficiencies  are  known,  and  these  can  be  de¬ 
termined  accurately  only  by  measurement. 

With  a  dipole  feed,  for  instance,  and  10  <  D/X  <  25,  experiments  have  shown  the  fol¬ 
lowing  empirical  formula  to  be  superior  to  (2.  7): 

G  =  23.3  log  D  +  23.3  log  f  -  55.  1  db  (2.8) 

where  I)  is  expressed  in  meters  and  f  in  MHz. 

Cozzens  f  1962]  has  published  a  nomograph  for  determining  paraboloidal  maximum 
gain  •m  a  function  of  feed  pattern  and  angular  aperture.  Discussions  of  a  variety  of  commonly- 
used  antennas  are  given  in  recent  booka  [Jasik,  1961;  Thourel,  I960). 

Much  more  is  known  a'  mplitude,  phase,  and  polarization  response  of  avail- 

,1,1,*  antennas  in  the  directions  of  maximum  radiation  or  reception  than  in  other  directions. 
Most  ol  the  theoretical  and  developmental  work  has  concentrated  on  minimizing  the  trans¬ 
mission  loss  between  antennas  and  on  studies  of  the  response  of  an  arbitrary  antenna  to  a 
standard  plane  wave.  An  increasing  amount  of  attention,  however,  is  being  devoted  to  maxi¬ 
mizing  tin-  transmission  loss  between  antennas  in  order  to  reject  unwanted  signals.  For 
this  purpose  it  is  important  to  be  able  to  specify,  sometimes  in  statistical  terms,  the 
directivity,  phase,  and  polarization  response  of  an  antenna  in  every  direction  from  which 
multipath  components  of  each  unwanted  signal  may  be  expected.  A  large  part  of  annex  II  is 
devoird  to  this  subject. 

For  the  frequencies  of  interest  in  tide  report,  antenna  radiation  resistances  r  at 

v 

any  radio  frequency  v  hertz  are  usually  assumed  independent  of  their  environment,  or 
else  the  immediate  environment  is  considered  part  of  the  antenna,  as  in  the  case  of  an 
antenna  mounted  on  an  airplane  or  space  vehicle. 
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Z.  3  Poltrlutioa  Coupling  hots  lad  Multipath  Coupling  Lose 
it  is  sometimes  necessary  to  minimize  the  response  of  a  receiving  antenna  to  un¬ 
wanted  signals  from  a  single  source  by  way  of  different  paths.  This  requires  attention 
to  the  amplitudes,  polarizations,  and  relative  phases  of  a  number  of  waves  arriving 
from  different  directions.  In  any  theoretical  model  the  phases  of  principal  and  cross- 
pclarizzticn  components  of  each  wave,  as  well  as  the  relative  phase  response  of  the  re¬ 
ceiving  antenna  to  each  component,  must  be  considered.  Complex  voltages  are  added 
at  the  antenna  terminals  to  make  proper  allowance  for  this  amplitude  and  phase  infor¬ 
mation. 

In  annex  U  it  is  shown  how  complex  vectors  e  and  e  may  be  used  to  represent 
transmitting  and  receiving  antenna  radiation  and  reception  patterns  which  will  contain 
amplitude,  polarization,  and  pha»e  information  [ Kales,  1951]  for  a  given  free-space 
wavelength.  X  .  A  bar  is  used  under  the  symbol  for  a  complex  x'ector  £  =  e  lie, 
where  i  =  >£T  and  e^,  e^  are  real  "ectors  which  may  be  associated  with  principal  and 
cross-polarized  components  of  a  uniform  elliptically  polarized  plane  wave. 

Calculating  the  power  transfer  between  two  antennas  in  free  space,  complex  polari¬ 
zation  vectors  j>(f)  and  p^(-r)  are  determined  for  each  antenna  as  if  it  were  the  trans¬ 
mitter  and  the  other  were  the  receiver.  Each  antenna  must  be  in  the  far  field  or  radiation 
field  of  the  other.  The  sense  of  polarization  of  the  field  e  is  right-handed  or  left-handed 
depending  on  whether  the  axial  ratio  of  the  polarization  ellipse,  a^,  is  positive  or  negative: 


a  =  c  /e  # 
x  c  p 


(2.9) 


The  polarization  is  circular  if  I  e  I  -  I  e  I  and  linear  if  e  =  0 ,  where  e  =  e  e  is  in 

p  c  c  p  p  p 

the  principal  polarization  direction  defined  by  the  unit  vector  e  .  The  polarization  coupling 

P 

loss  in  free  space  is 


Lcp  =  '10  log  l£  '  £rl  2  db/ 


(2.  10) 


In  terms  of  the  axial  ratios  and  a  ^  defined  by  (11,48)  and  (II,  50)  and  the  acute  angle 
^  between  print  lpal  polarization  vectors  e  and  e  ,  the  corresponding  polarization 

efficiency  may  be  written  as  2  2  Z 

_  cos  (a  a  4*  1)  +  sin  ^  (a  +  a  ) 

*  XZ  _  p  x  xr  _  p  x  xr 


11  *lr  ■ 


<ax+,)(axr+‘> 


(2.  11) 


This  Is  t1  same  as  (11,62).  Annex  II  explains  how  these  definitions  and  relationships  are 
extended  to  the  general  case  where  antennas  are  not  in  free  space. 

There  is  a  maximum  transfer  of  power  between  two  antennas  if  the  polarization  el¬ 
lipse  of  the  receiving  antenna  has  the  same  sense,  eccentricity,  and  principal  polariza¬ 
tion  direction  as  the  polarization  ellipse  of  the  incident  radio  wave.  The  receiving  an¬ 
tenna  is  completely  "blind"  to  the  incident  wave  if  the  sense  of  polarization  is  opposite. 
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the  eccentricity  is  the  same,  and  the  principal  polarisation  direction  is  orthogonal  to  that  of 
the  incident  wave.  In  theory  this  situation  would  result  in  the  complete  rejection  of  an  un¬ 
wanted  signal  propagating  in  a  direction  -? .  Small  values  of  g^(-r)  could  at  the  same  time 
discriminate  against  unwanted  signals  coming  from  other  directions. 

When  more  than  one  plane  wave  is  incidsnt  upon  a  receiving  antenna  from  a  single 
source,  there  may  be  a  “multipath  coupling  loss11  which  includes  beam  orientation,  polarisa¬ 
tion  coupling,  and  phase  mismatch  losses.  A  statistical  average  of  phase  incoherence  ef¬ 
fects,  such  as  that  described  in  subsection  9.4,  is  called  “antenna-to-medium  coupling  loss.” 

Multipath  coupling  loss  is  the  same  as  the  “loss  In  path  antenna  gain,  11  L  ,  defined  In  the 

£P 

next  subsection.  Precise  expressions  for  may  also  be  derived  from  the  relationships 

In  annex  II. 
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2.4  Path  Loss,  Basic  Transmission  Loss,  Path  Antenna  Gain,  and  Attenuation  Relative  to 

Free  Space 

Recorded  values  of  transmission  loss  are  often  normalized  to  Mpath  loss"  by  adding  the 
sum  of  the  maximum  free  space  gains  of  the  antennas,  ,  to  the  transmission  loss,  L. 

Path  loss  is  defined  as 

L  =  L  +  G  +  G  db.  (2.  12) 

p  t  r 

Basic  transmission  loss,  L^,  is  the  system  loss  for  a  situation  where  the  actual  an¬ 
tennas  are  replaced  at  the  same  locations  by  hypothetical  antennas  which  are: 

(1)  Isotropic,  so  that  G^r)  =  0  db  and  Gf(-r)  =  0  db  for  all  important  propaga¬ 
tion  directions,  r  . 

(2)  Loss-free,  so  that  L  =  0  db  and  L  =  0  db . 

et  er 

(3)  Free  of  polarization  and  multipath  coupling  loss,  so  that  L  =  0  db. 


If  the  maximurp  antenna  gains  are  realized,  L  =  L,  . 

o  b 


Corresponding  to  this  same  situation,  the  path  antenna  gain,  G^,  is  defined  as  the 

change  in  the  transmission  loss  if  hypothetical  loss-free  isotropic  antennas  with  no  multi- 

path  coupling  loss  were  used  at  the  same  locations  as  the  actual  antennas.  Assumptions  used 

in  estimating  G^  should  always  be  carefully  stated. 

Replace  both  antennas  by  loss-free  isotropic  antennas  at  the  same  locations,  with  no 

coupling  loss  between  them  and  having  the  same  radiation  resistances  as  the  actual  antennas, 

and  let  W  ,  represent  the  resulting  available  power  at  the  terminals  of  the  hypothetical  iso- 
ab 

tropic  receiving  antenna.  Then  the  basic  transmission  loss  L^»  the  path  antenna  gain  G^, 

and  the  path  antenna  power  gain  G  ,  are  given  by 

PP 


L  =  W  -  W  =  L  +  G 
b  t  ab  p 

db 

(2.13) 

G  =  W  -  W  =  L  -  L 
p  a  ab  b 

db 

(2,  14a) 

G  =  W*  -W.sL.-L 
pp  a  ab  b  s 

db 

(2.  14b) 

W  ,  W  ,  W1  and  L 
t  a  a  s 

are  defined  in  section  2.  1. 

space,  for  Instance: 

W  =Wt 
a  t 

+  Gt(f)  +  Gr(-f)-Lcp+20  log^)  dbw 

(2.  15a) 

w.b’w,  t2t,1°«6nrr) 

dbw. 

(2.  15b) 

A  special  symbol,  L^,  is  used  to  denote  the  corresponding  basic  transmission  lose  in  free 


Lfaf  =  20  log  =  32. 45  +  20  log  f  +  20  log  r  db 


(2.16) 
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where  the  antenna  separation  r  is  expressed  in  kilometers  and  the  free  space  wavelength  X 
equals  0 .  2997925/ f  kilometers  for  a  radio  frequency  f  in  megaherts. 

When  low  gain  antennas  are  used,  as  on  aircraft,  the  frequency  dependence  in  (2.  16) 
Indicates  that  the  service  range  for  UHK  equipment  can  be  made  equal  to  that  in  the  VIIF 
band  only  l*y  using  additional  power  In  direct  proportion  to  the  square  of  the  frequency.  Fixed 
point- to. point  communications  links  usually  employ  high-gain  antennas  at  each  terminal,  and 
for  rt  given  antenna  size  more  gain  la  realised  at  UHF  thaf  at  VMF,  thus  more  than  com¬ 
pensating  for  the  additional  free  space  loss  at  UHF  indicated  in  (2.  16). 

Comparing  (2.  13),  (2,  14),  and  (2.  15),  it  is  seen  that  the  path  antenna  gain  in  free 

space,  (J  Is 

pf 

C.  =  G.(r)  +  G  {-?)  -  L  db.  (2.17) 

pf  t  r  cp 

For  moat  wanted  propagation  paths,  this  is  well  approximated  by  G^  +  G^ ,  the  sum  of  the 
maximum  antenna  gains.  For  unwanted  propagation  paths  it  is  often  desirable  to  minimise 
<i  This  can  be  achieved  not  only  by  making  G^r)  and  G^-r)  small,  but  also  by  using 
different  polarizations  for  receiving  and  transmitting  antennas  so  as  to  maximise  L 

cp 

In  free  space  the  transmission  loss  is 


LsLw-cpf  db>  (2,l8) 

t  he  com  epla  of  basic  transmission  loss  and  path  antenna  gain  are  also  useful  for  normalising 
the  results  of  propagation  studies  for  paths  which  are  not  in  free  space.  Defining  an  "equiva¬ 
lent  froc-space  transmission  loss",  L^,  as 


(2.19) 


note  that  ii  lit  (2.  19)  is  not  equal  to  G(  +  G^  unless  this  is  true  for  the  actual  propagation 
path.  It  Is  often  t  onvenlent  to  investigate  the  "attenuation  relative  to  free  space",  A,  or 
the  bash  transmission  loss  relative  to  that  in  free  space,  defined  here  as 


A  =  L.  -  L  »l-L  db* 
b  bf  f 


(2.20) 


rtils  definition,  with  (2.  19),  makes  A  Independent  of  the  path  antenns  gain,  G  Where 

P 

terrain  has  little  effect  on  line-of-slght  propagation,  it  is  sometimes  desirable  to  study  A 
rather  than  the  transmission  loss,  L. 


1961 

l 


A llUuugu  varies  with  time,  it  is  customary  to  suppress  this  variation  [  Hartman, 

and  to  estimate  G  as  the  difference  between  long-term  median  values  of  L,  and 
p  b 


Multipath  i  oupllng  loss,  or  the  "loss  in  path  antenna  gain",  ,  is  defined  as  the 
different  e  between  path  loss  x. 


o 


and  basic  transmission  loss  JL,  : 

b 
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L  -L=C  G-G  db#  (2.2!) 

|p  o  b  r  p 

The  Ini  b  p*th  tatessa  |sh  will  bcrfiorc,  in  general,  f  pelade  ccsiposedg  cf  beans  orienta¬ 
tion  lea*  and  polarisation  coupling  loss  as  well  as  any  *pcrtsre-to-rrsecka  cccpllrg  loss  chat 
may  remit  from  scattering  by  the  troposphere,  by  roegh  or  irregdar  terrain,  or  by  terrain 
clatter  seen  as  vegetation,  bdldings,  bridges,  or  power  lines. 

The  relationships  between  transmission  loss,  propagation  loss  and  Held  strength  are  drs 
cessed  in  annex  Q. 
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Af  f;  jcjpencfes  above  2  <5rs  agasaacSsa  c£  radS©  wstwcs  dsae  c©  a£tfcsgcicgr&  cc*  g gatsrr- 
£=3:  by  ccarstftome*  cc  tfess  atoaggpthrre,  and  fey  garthcSes  in  eSafe  atoassc&ere,  csa^f  serbrcsSy 
affect  goercnaroe  relay  KaSc^  cegmsss&cat&ao  vfa.  gstoSSSstog,  ard  rarS©  ard  racier  astoerecry.. 
Aa  fre^Gg.TTCTrs  belcoar  B  GSfiz  dho  crcteB  g25o  reave  abseercaan  by  cx^ea  ard  rearer  vapor  figs* 
prccagasicir  paths  c€  S5CO  SsSJccnetorr  or  Ie*s  re£2S  catt  eacraed  2  dscSbebs.  AhfrgsptSm  by 
sab-fall  begins  to  be  barcBy  agtorgab&fc  as  frrayrimxrfies  frees  2  to  3  GKr»  fees  tray  be  cnim 
appreciable  a*  fester  frer'-saenrses. 

For  fretperrSes  ep  to  203  GUr,  ard  fbr  beth  ccCtozB  ard  rrarshcrEMir  parrs. 


secthco  provides  estimates  c£  the  £ se^-ccrm  madias.  arrerraticei  A^  c£  radi©  reaves  by  caeygca 
and  wicsr  **apor,  the  atremarice:  A__  dne  to  rafrraH,  ard  the  ccdtr  c£  gsaggirsdc  ctf  absorp¬ 
tion  by  deeds  off  a  given  stator  casaegt  ■  The  estimates  are  based  ©a  were  reported  by 
Amman  and  Gordcc  [  1955  ],  Bean  ard  Abbott  |  £957  ),  Brssey  |  1950  ]v  Crarefecd  and  Bcgg 
[1956],  Gca  zed  East  ( 1954 ] ,  Hidaszy  E«rs  (  !959  ]»  Ksgg  and  MsmSccd  |  &950 ), 

H©££  and  SempSak  [  1951  )•  bare  ard  Saxton  1 1952  a,  Lagans  ard  Parsers  1 2*^53  ),  Periarand 
Vcgc  [  19531,  Straitcnand  7d£eri  [ I960),  Tccbert ard Straiten  [  1957 ),  ard  Van  VEsci 
1 1947a,  b;  1951). 

3.  1  Absorpeim  by  Vator  Vapor  ard  Cbcygen 
Wator  vapor  ab»orrc5on  has  a  rescramt  peak  at  a  frecnency  cf  2223  C-Ib,  ard  cacygea 
absorption  peaks  at  a  number  of  benscDCfiS  ben  53  to  56  GHt  ard  al  120  GHr.  Figure 
3.1,  derived  freer*  a  critical  appraisal  cc  the  above  references,  shews  the  differential  absor p- 
tloQ  Y_o  ba  decibels  per  kflcsrWer  for  beth  oxygen  ard  rearer  vzpar,  as  deter¬ 

mined  for  standard  cccdftims  cf  temperatore  ard  pressure  ard  for  a  surface  value  c£ 


tinea  v  ard  v  in  decibels  per 
"oo  Vo 


mined  for  standard  cccditfons  cf  te 
absolute  amfttr  ecral  to  10  gram 


i  oer  cfbk  meter.  These  values  are  consistent  with 


those  prepared  for  tbe  Xth  Plenary  Assembly  cf  the  CCB  by  U.S.  Story  Group  IV  [  1953d  ] 
except  that  the  «a!cr  vapor  density  is  there  taken  to  be  7.5  g/n  -  For  the  range  of  absolute 
humidity  likely  to  occur  m  the  atmosphere,  the  water  vapor  absorption  in  cb/km  is  approx¬ 
imately  proportional  to  the  water  vapor  density. 

The  total  atmospheric  absorption  decibels  for  a  path  of  length  kilometers 

Is  commonly  expressed  in  one  of  two  ways,  either  as  the  integral  of  the  differential  absorp¬ 
tion  y{r)  dr : 


■  f  * 


\  dr  db 


or  in  terms  of  an  absorption  coefficient  T(r)  expressed  in  reciprocal  kilometers: 


=  -10  log  exp  J"*^ 


Hr)  dr 


i-4-3«r 


T( t)  dr  db. 
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I 

I 

* 

i 


atf  ca*r  s» &3.2}}  es  cSe  acsaiuaC  aff  riifiswawr  tSa2  Es  noC  aattariimfl 

sa  ejjattggea^  c£hr  gn^tx. 

THbr  cattfcB  jgiswxsu*  ah«affgtS(ii»  A^  aw*er  2  Eaw-Kifr-ss^C  grfcth  <s£  Btsagffc  Uxlatrrtttirrs  Es 


*  “  «> 


«S  1? 


yuUkesv  &  c*  t&f r  ttxrcj^si  jtMiwtc  si^a  &r*»rB  it  a  dirCirxjirr  r  fnirm  Cbt  Eouitrr  tar  srs  nrn  S..  >i^^-cc«rC 
.fcSanjg  a  ray  &»rCwe«3i  CcfflgsexaSs,  Faff  rarfbtr  refftffffff^  tbr  C^CeH  aSjsaffgCoatsi  £s  <£k 

Camsffdtfffft^  asKy^***  a2»aff£Chi«i  and  water  aagaff  iSisaff^tStsii  seysErateSy..  J5-39  csay  &*r 

WLffSSSltttl 


t 

* 

i 

i 

? 

i 

♦ 

i 

{ 

i 

f 


A  »  v  S’  ^  * _ -  <3i> 

2  «t»  *3xo  ear 


TC&rnr  r  asd  ff  are  cfScetrag:  drstarees  cfrcahxed  fey  rffCff£ratffXJ$  ^  y?y  and  ^ 

«cw  O  <t®  w  aw 


e»er  £br  ray  path. 


ttiyto  ©..(PH.  ©„©!»  ©_©^.  ©_2.  ©_5u  S.  asd  cjf£  ra£aas  ha  Sfftffes  3„  2~3-~ 


d„  dbtse 


vafiars  e£  3  - 

o 


A  r-xj  be  estimated  freer.  tagsres  &. 2S  toL2^d  E.  wbere  attesruatarta  reBatrse 

4* 

co  free  srsacc.  A.  as  s&seaed  verses  a.  ©  -  asd  r  -  agiacirEag  effects  e£  ditffractEcta  bj  Cerraha. 

©  o 

jr*ff  awotpeaeal  paths.  the  ra?  *r«ora  each  asteasaa  to  its  beffhaeca  csa3r.es  ao  aa<r>*  ^ 

~*z  0  «reltte  zxxr  akac-ar«nC4 «9  at  tbr  2w^m  as  cSBastrated  co  tfegare  6,  fl  *&  sectEwa  6 
c*r 

<s*wT5r**a  ff  arx>  ri-tx  s  *1  darr^ates  cfi  asd  dy  froca  Sbr  SragacraStisg  and  receaass)*  frtrr^sxaE 


rbr  :ca1  a^s«ff7^»ea  A  is  tbr  sesa  ot  •ralacs  A  ard  A 

a  at  ar 


A  =  A  4  A 
a  at  ar 

«3.t 


«,4er< 


at 


A  if.  0  -  c  i 
a  oc  1 


A  ^  A  If.  3  -  dJ. 

ar  a  or  T 


ror  prcc4fasis«  enrr  a  jnvrda  tarJis.  9  =0  =0.  aad  A  -  i A  (f.  0.  d» Z*  For  traas- 

1  '  os  er  a  a 

i*ori^  «  -^albs  tbr  frwjafofj  raago  3.  I  -  ID  GHz,  fag-  rc  3-6  sbonrs  A^  plotted  versos 


-ixstaace  over  a  s  r.colb  carta  bctvcca  10  meter  aoiesra  heights 
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3L2  Sky-Sacs c  TTcgsyesaftcge 

GH>*-  *crnr»>sytere  es  a  Murcc  «£  rarffe  rtatse..  «it&  dfce  saoee  garapeygacs  as  a 

mrmtx^a&4g  outa  £3  Bas  as  au  absarbes-..  “EBac  cfSretoe  sfey-ascse  grutprxaOtegc  array  be  4c~ 
cv-s  *»*»*«£  tVy,  eafiricffacreqg  Cfar  j^as  Crmyrxairvrc  T  gnsBgryPaeifl  by  cbe  <ffffflrr<aCsaH  feacfieri  «£  re- 
cft-.n?.  as  ru*a  abeocfanf}  eu  ^uwif  ttos*^b  cJbr  agaaaegfte re  t»  eie  aacegqas 


TTO- 

s 


V  «*»!-(  ris-J  <fa*1*r 


«iW^  dW  .^v^tr^coani  «-<a*rflSec:«c  1Tflc$  »  s-ecrge-ocal  fcalrasitceys  ts  <fir£re^  by  |3  Fyr  r» 


>&oaw  -  *  ^B>ytmcag 


T|c$  -  -  &.%()-&  £®r  b-  5£fc=u 


'EM  -  ZS©*K 


5or  &  2a  12  Bcm 


311  s*Wms  cie  siy-accse  t^ess^craacre  &e  co  aeygcD  *m6  saser  'xagee-  fifly  sarsoiss  assies 
«a  «r-IW~ri2^mi  aai^J  fee  fre^paraarres  tbettweese  ©_  I  aa£  B©3  GHz. 

tax  •-*c£=ar=rj  axaexss*  cearyerazsrcs.  tfbe  agflcaaca  gararraa  aa£  gatfsaSaagr  frees  fie  eartfb*s 
scribe  cawt>s  also  be  c<s*zs££erci£_ 
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5,5  Asstramarilssitt  by  Btos-n 

UTbr  alcanas  aery.  *fi  gar£ra>  &y  irnsjaraxocrd  waxier  <£rc>cKtrts  ±z  t  c*ias  atfeca  ejcriwrdb- 

Bibr  or*^rU^trurt£  <5flryaj*ca>  acirf!  tsrfegffff  iS^wtrjX&acL.  ttt'xces  ccrvc^cxcs  "•  z*r-<  ore  s  gxs  nrJJB  *fcr.»CC<rff 

c*&m»  cas  «2S  <€zr*-* Users*  w&jrCibrr' «€tr  *r*-  <*:=»££  cases  t  j*  >*r3-*  tl-cnujCb  _rr 

Cess  c&*r  Es  c Szr  *Usg/rr  «at*r.  rritarS^cc^r  g-^a#  *=f  *»**aef5  s®e=*c  «£  *&* 

CJtsCnt*  «2%r  icv-rrjcy-  «scc<cd5aqtEy»  z&zt  zzz^avazvstL  i>  razors-  ewKSvr  £**tt  J5a*  a£  tosSScsatDcr  cx*.  -- 
E<raH;tt&s  CBifcm  *c  &>mcf^<r^<rr  s*&«id!<aafsaft»>. 

fc»  g»2awcttr*ie  cS  £bas  biters  cwxancrfcanUi  e*5^^>5-  rater  ztz~imzzi-  »  *-!vt^Cs-*^  -X  SiL.  z  z‘ 

cxgtaatgBfttn  raic*  oebacla  c-epeni^  c»  Ejr«c3:  *B*-  5rr$ti*5  -rsnC-as:  a»i' t  *•?  C*STS  •a^o»Ci5*v  wa 

cibr  ‘driejF*,.  g»r  Ht£g*cr  sai  Es^a  d*j*nrZza£  <un  Cratr  5  me  ace  lS>r  5= '  cm^  T^t-rc  **•  -rJU2«r  -  v-Ser.  t 
gfoag  rasa  Tssab  a  tows  sar*:  c£  £*21  Eas  2  nssaqae  «£res>-  5^t  s5#5flssraw  *&*  s»r<3&Scsj  jtf 
e^acragrqg  due  a2Se»e«tset»  efi  raaeo  *waw(e:$  by  Slhr  various  C©rr5  c£  ys>rc2rxglx;iiCrt:  i>  Qerie 
*£s£tfb*tt£tt_ 

TcCiS  ^Srtoraflscci  A  <6t»c  ts*  r-crrdlasBl  <*x«-r  A  g*&Bai  «-c  EcacSBu  r  £.r  =-*.**£3  _aec*a  by 

ff  4* 

ta2*r£r.*g£=)£  t&t:  ds££rffc«Sa*3  ram  a&wor^eicsra  ^irfdir  zlcc^,  =5v*  -*s  .-  -  k-Cjene<rs  two  ss-2«r*-- 
<nvt££e  ar^trrr.*.*,.  cc  aloqg  bcnrccs  ray>  m  tbe  rase  c£  tra^vax^rixiLtr  z^f&istLZ 


=  f  ^(rjdr  deci^ds.  4i-  *; 

'  ^0 

Fairiaajg  *as  ^r&cSra»r«-  rriasi>ras^5ac^S  s^caegseo  carajartcaSly  to  gSiecr^Siral  resets  by 

Bubeway  *ad  Et2=$  (  1939]  iad  Syce  tod  Syce  [  59*5],  Joe  f2!f  c!  2ti.*ssrpCico  rasr  ^  :  jir 

l-r  expressed  b  terrsas.  of  tae  raadall  ntSe  S  s=s  c-.dl;n*<lcr  >  pr:  br.; 


-  KS^  db/Kr.*. 


for  fr«joe=cies  abort  2  GHz.  Ibc  fsac^oc*  iac  ^^.5  .re  fSi-Ced  sn  fibres  3.« 

ar«3  3-9,  rare  f  is  be  radio  frecteacv  is  G  Hz, 

G  '  ' 


K  =  [  3(fc-  2^  -  2(fc_  2)  J  x  1C  ’ 


13- 


I  *-H  -  0.07 (f  «  2)»  ;  i  .  f 


M-  c.t>  Cl  ]. 


f3.Vi*i 


An  cxj rmnjlirn  of  l!>c  %arwti*«i  of  r^nlall  rit**  *jr;tr  hr;^ 

form 


3<1ZZCI,L 5  a  r*  ;Lvi.  o:  1:I- 


j  n 

T 


•xrf-  *•  ^  h  $ 
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3*4  AtSirmtatgara  in  CTcuxfis 

Qemi  drcpllccs  arc  regarded  here  25  chase  «y:fr  ©r  ore  gsartogfles  Bsfcvhqg  racfiifl  ^rr^BIrr 
B(J©  nrsxrems  cr  ®.©B  css*  Although  a  rtgfflr©*cs  approach  od  the  gfrcftSessa  off  argttmrigr^m  by 
cSeuds  rrsmss  ccissad er  <£r©p-sirc  dlscrihicicre.  is  is  mere  gga/^saraJ  Co  sgcafc  e£  Che  water  ccrrf.<rrrfl 
«£  dands  rasher  gfty  drcp>-srre  disSr^rSirrr..  3c5cahSe  measurem*  zR s  of  bsCh  parameters 
are  scarce*  bst  it  is  possible  to  make  rra  srrah£e  estimates  c£  the  water  congest*  M*  of  a 
cBomfl  frerra  a  fcacwBedge  cf  sbr  vercicaS  extern  c£  the  deed  and  the  gradients  cf  pressure* 
garmperasnsre*  asd  ratio*  which  is  the  rats©  cf  the  trass  c£  water  vapor  Co  the  trass 

c£  dry  air  to  which  it  is  mixed.  The  absorption  within  a  dco£  can  be  written  as 


A  =  K  M  db 

c  I 


13.13) 


i 


1 


i 


I 

i 


where  A  ts  the  total  ahserpeien  attenuation  within  the  deed*  is  a n  attesnatace  ccedfrciesg, 

values  for  which  are  given  to  table  3*  I*  and  52  is  the  Bi©r£d  water  centers  cf  the  dood* 

measured  is  grams  per  cubic  meter.  The  ameers  cf  precrgctahSe  water.  M,  so  a  given 

pressure  layer  can  be  ohcaioed  by  evaluating  the  average  rsadsg  ratio  in  the  layer,  multiplying 

by  the  pressure  diftereoce.  and  dividing  by  the  gravity.  Using  tHs  method  cf  obtaining  M 

and  the  values  cf  K  from  table  3.1  ,  it  is  possible  to  get  a  fairly  reliable  estimate  of  the 
ft 

absorption  cf  radio  energy  by  a  deed. 

Several  important  facts  are  demonstrated  by  table  3. 1.  The  increase  in  asteiailco 
with  increasing  frequency  is  dearly  shown*  The  valces  change  by  abort  an  order  of  magnitude 
from  10  to  30  GHx .  Clone  alternation  can  be  safely  neglected  below  6  GHx.  The  data 
presented  here  also  show  that  attenuation  increases  with  decreasing  temperature.  These 
relations  are  a  reflection  cf  the  dependence  cf  the  refractive  index  on  both  wavelength  and 
tempera  tore*  The  different  dielectric  properties  cf  water  and  ice  are  illustrated  by  the 
difference  in  attenuation.  Ice  clouds  give  attenuations  abort  two  orders  of  magnitude  smaller 
than  water  clouds  of  the  same  water  contest. 


TABLE  3*1 

One-Way  Attenuation  Coefficient.  K  in  db/km/gm/m^ 


Temperature 

(°C)  Frequency,  GHx, 


33 

24 

17 

9.4 

Water 

20 

0.647 

0.311 

0.  128 

0.  0483 

10 

0.681 

0.406 

0*  179 

0.  0630 

Cloud 

0.99 

0.532 

0.  267 

0*  0858 

l  -8 

1.25 

0.684 

0.34 

0.  112 

(extrapolated) 

(extrapolated) 

Ice 

0 

6.74  X  10'3 

6.  35  X  10‘3 

4.36  X  10‘3 

2.46  x  10"3 

Cloud 

,  -10 

2.93  x  10*3 

2. 11  x  10'3 

1.46  X  10'3 

8.  19  x  10*4 

t-20 

2.0  X  10"3 

1. 45  X  10'3 

1.0  X  io'3 

5.63  x  10'4 
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EFFECTIVE  DISTANCES  rw  AND  Tm  FOR  ABSORPTION  BY  OXYGEN  AND  WATER  VAPOR 
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EFFECTIVE  DISTANCES  feo  AND  FOR  ABSORPTION  BY  OXYGEN  AND  WATER  VAPOR 

Bo  *0.5.  I.  */2 
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RAY  PATH  rft  IN  KtLOMETERS 
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OlSTANCE  IN  KILOMETERS 


-SKY  TEMPERATURE  FOR  OXYGEN  AND  WATER  VAPOR  IN  DEGREES  K 
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DCTZXMBCATKH  OF  AX  CFFgCSiEftX  CAUSS  *ADSTS 

Tfcc  fctwrfaqg  erf  a  rarfaw  say  m*  ae  fMf  tbcorgk  dbe  arxtcrvp&ere  xs  Ia*g*3y  ActermxaedS 
by  tbc  |i»laMft  rf  tftw  frfrKtire  Bwftcw  <f>r  tfae  ?*sgfacc.  le  ocrJes-  Es>  z«yff«ae*£  ra£i© 

say*  aa  *era%bt lauea*  al  Icasft  .  writhe*  tie  firstt fcaesvaefcer  z&em  E&c  *2rfao©„  as  ^eSSecsiwe 
earth?*  ratfaserf*  £*  rfefcserf  a*  a'fewrTirfra  «£  Ae  ave&zctsTsay  gradZeaC,  A3C#  car  c£  tine  surface 
zefaactivity  vafast 

5B#=f*s-  I|XI©6  fi.ij 

vierc  «  tat  lie  a— luijhrk  refractive  sarfeat  at  the  surface  rf  Che  earth. 

* 

Le  the  Hasted  Sates  Ube  fsilowiig  mpcrkal  repair  swsKp  las  bees  estaMssbed  bdweeai 
eft**  »*eai®  3fl^  auad  tibe  enea®  refracgivtiy.  yafet  AK  ia  tie  first  kilor.cler  accre  tie  surface: 

SSfkm  =  -7.32  exp(G.C35577  N^).  (4.  2} 

Similar  valors  have  bees  established  in  West  Gernaaay  and  in  the  United  Kisgdcm  [CCIR  1963c]  . 

In  this  paper  values  c£  are  cased  te  characterize  average  atmospheric  conditions 
during  periods  of  missiinuan  field  strength.  In  the  northern  temperate  icce,  field  strengths 
and  values  of  reach  minimum  values  daring  winter  afternoons.  Throughout  the  world,, 
regional  changes  in  expected  values  of  transmission  loss  depend  on  minimum  monthly  mean 
values  of  a  related  quantity 0  K^,  which  represents  surface  re fr activity  reduced  to  sea  level: 

N  *  H  exp{-0. 1057  h  )  (4.3) 

s  o  r  s  7 

where  h  is  the  elevation  of  the  surface  above  mean  sea  level,  in  kilometers,  and  the 
s 

refractivity  is  read  from  the  map  shown  in  figure  4.1  and  taken  from  Bean,  Horn,  and 
Ozanich  (  I960]. 

Must  of  the  refraction  of  a  radio  ray  takes  place  at  low  elevations,  so  it  is  appropriate 

to  determine  and  for  locations  corresponding  to  the  lowest  elevation  of  the  radio  rays 

most  important  to  the  geometry  of  a  propagation  path.  As  a  practical  matter  for  within- the* 

horizon  paths,  h^  is  defined  as  the  ground  elevation  immediately  below  the  lower  antenna 

terminal,  and  Nq  is  determined  at  the  same  location.  For  beyond- the- horizon  paths, 

and  N  are  determined  at  the  radio  horizons  along  the  great  circle  path  between  the  antennas, 
o 

and  is  the  average  of  the  two  values  calculated  from  (4.3),  An  exception  to  this  latter 
rule  occurs  if  an  antenna  is  more  than  150  meters  below  jjt»  radio  horizon;  in  such  a  case, 

h  and  N  should  be  determined  at  the  antenna  location. 

•  o 

The  effective  earth* s  radius,  a,  is  given  by  the  following  expression; 

a  =ao[l  -  0.04665  exp(0. 005577  N  )] ” 1  (4.4) 
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where  a  is  case'acftsal  za&ss  c£  rfoe  carshu  zseS  ss  cakes  to  &r  637©  ksSceseter*.  Figere  5.2 
© 

**  jihgurj  tk  effective  carets  rafss*,  a.  gSoC&sd  verses  SSL.  TTBe'Cae*!  beading  ©£  a  radio  say 

m  which  ft*  elevated  more  lias  CL  785  radianss  (*5*8  above  the  Bagsiscia  and  which  fas***  all  Ik 

way  thr«*»gfc  ik  carets  atmosphere  ss  less  cfoaa  half?  a  sss2iisa«Ssazu  Fes  steadies  «£  rank 
•airilile  ctmamca&easum  say  bending  ss  rnspartana  eft  lew  angles.  At  £%kr  aafles  it  may  dir* 
he  notySrcIctf  and  she  actaaS  earth's  radios  ss  tneia  esed  in  geometricaS  calcclaticns. 

Large  valises  cf  arad  arc  eftea  associated  with  atmospheric  erecting,  which 
as  cseally  imyoraag  for  part  of  tic  tic*  «*er  xrrest  paths,  especially  is  maritime  climates. 
g  Tk  average  occcrreocc  otf  strong  layer  reSecticcs,  snptrrefracticc,  ^cciisf,  a  rad  ether 

foensing  and  <kf©ccs£rg  effects  c€  the  atmosphere  is  t2ka  into  access  in  tk  empirical. time 
variability  fe&cticas  to  be  dfsccsstd  fa  sectica  10.  AdiJiSiceal  material  oca  Meeting  v31  be 
fee sod  in  papers  by  Aa&rsca  and  Gossard  (1953a,  b],  3caa  [  1959],  Booker  ( 1946],  Bconer 
and  Walkinshaw  f  lf46],  Clexcv  and  Birce-CUytoc  [  1953],  Datloo  [  1951],  r  ok,  Vainshtein,, 
and  Belkina  [  1938),  Friend  [  1553},  Hay  and  Umarsn  [ 1952],  Tkegami  [  1959],  Kitchen,  Joy, 
and  Richards  1 1958),  Kemera  and  Takafcu  [  1955],  Once  ana  Pataikri  ( 19,57],  Pekeris  [1947], 
Stfmaemaiin  [  1957],  and  Unwin  [  1953], 
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5.  TRANSMISSION  LOSS  PREDICTION  METHODS  FOR  WITHIN-THE-HORIZCN  PATHS 

Ground  wave  propagation  over  a  emooth  spherical  earth  of  unlfornvgrouna  conductivity 
and  dielectric  constant,  and  with  a  homogeneous  atmosphere,  has  been  studied  extensively. 
Some  of  the  results  were  presented  in  CCIR  Atlases  [  1955,  1959] .  Recent  work  by  Bachynski 
(  1959.  I960,  1963],  Wait  [  1963],  Furutsu  [  1963],  and  others  considers  irregularities  of 
elrrtrlral  ground  constants  and  of  terrain.  A  distinction  is  made  here  between  the  roughness 
oi  terrain  which  determines  the  proportion  between  specular  and  diffuse  reflection  of  radio 
waves,  and  large  scale  irregularities  whose  average  effect  is  accounted  for  by  fitting  a  straight 
line  or  curve  to  the  terrain. 

A  comprehensive  discussion  of  the  scattering  of  electromagnetic  waves  from  rough 
surfaces  is  given  in  a  recent  book  by  Beckmann  and  Spizzichlno  [  1963] .  Studies  of  reflection 
from  irregular  terrain  as  well  as  absorption,  diffraction,  and  scattering  by  treec,  hills,  and 
man-made  obstacles  have  been  made  by  Beckmann  [  1957],  Blot  (  1957  a,  b],  Kalinin  [  1957, 
1958],  Kuhn  [1958],  McGavin  and  Maloney  [  1959],  l-.cPetrie  and  Ford  [  1946],  McPetrie 
and  Saxton  (  1942],  Saxton  and  L»*?e  [  1955],  Sherwood  aud  Ginzton  {  1955],  and  many  other 
worker*.  Examples  of  studies. of. reflection  from  an  ocean  surface 'may  be  found  in  papers  by 
Beard,  Katz  and  Spetner  [  1956],  and  Beard  [  1961] . 

A  semi-empirical  method  for  predicting  transmission  loss  for  within-the-horizon  paths 
is  given  in  annex  I, 

Reflections  from  hillsides  or  obstacles  off  the  great  circle  path  between  two  antennas 
sometimes  contribute  a  significant  amount  to  the  received  signal.  Discrimination  against 
such  off-path  reflectiono  may  reduce  multipath  fading  problems,  or  in  other  cases  antenna 


beams  may  be  directed  &w&y  from  the  great  circle  path  in  order  to  increase  the  signal  level 
by  taking  advantage  of  off-path  reflection  or  knife-edge  diffraction.  For  short  periods  of 
time,  over  some  paths,  atmospheric  focusing  or  defocusing  will  lead  to  somewhat  smaller  or 
much  greater  values  of  line-of-sight  attenuation  than  the  long-term  median  values  predicted 
for  the  average  path  by  the  methods  of  this  section. 

If  two  antennas  are  intervisible  over  the  effective  earth  defined  in  section  4,  ray  optics 
may  be  uaed  to  estimate  the  attenuation  A  relative  to  free  space,  providei  that  the  great 


circle  path  terrain  visible  to  both  antennas  will  support  a  substantial  amount  of  reflection  and 
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5. 1  Line-of-Sight  Propagation  Over  Irregular  Terrain 

Where  ray  optic* •  formula*,  described  in  fection  5.  2,  are  not  applicable  a  satisfactory 
estimate  of  line  -  of  r  sight  transmission  loss  may  sometimes  be  made  by  one  of  the  following 
methods: 

1*  If  a  slight  change  in  the  position  of  either  antenna, results  in  a  station  where  ray 
optics  formulas  may  be  used,  then  A  may  be  estimated  by  extrapolation  or  Interpolation, 

2.  Instead  of  a  single  curve  fit  to  terrain  as  in  5.  2  the  method  may,  in,  some  casee,  be 
extended  to  multiple  curve  fits  and  multiple  reflections  from  these  curves. 

3.  If  terrain  is  so  irregular  it  cannot  be  reasonably  well  approximated. by  a  single  curve, 
the  llne-of-sight  knife-edge  formulas  of  section  7  may  be  applicable, 

4.  Interpolation  between  curves  in  an  atlas,  or  standard  propagation  curves  such  as 

those  given  in  appendix  I,  may  provide  a  satisfactory  estimate,  A  useful  set  of  calculations 
for  0  =  0  ie  given  by  Domb  and  Pryce  [  1947] .  ' 

5.  Empirical  curves  drawn  through  data  appropriate  for  the  problem  of  interest  may 
be  useful.  For  example,  the  dashed  curves  of  figures  I,  1-1,  3  show  how  values  of  attenua¬ 
tion  relative  to  free  space  vary  with  distance  and  frequency  for  a  large  sample  of  recordings 
of  television  signals  over  random  paths.  The  data  shown  In  figures  1, 1-1,4  correspond  to 

a  more  careful  selection  of  receiving  locations  and  to  a  greater  variety  of  terrain  and  cli¬ 
matic  conditions. 
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5.2  Line-of-Sight  Propagation  Over  a  Smooth  or  Uniformly  Rough  Spherical  Earth 

The  simplest  ray  optic*  formulas  a**ume  that  the  field  at  a  receiving  antenna  Is  made 

up  lo  (wo  components,  one  associated  with  a  direct  ray  having  a  path  length  r^,  and  the  other 

hhh or luted  with  a  ray  reflected  from  a  point  on  the  surface,  with  equal  grating  angles  4*  The 

reflected  ray  lias  a  path  length  +  r^  .  TJhe  field  arriving  at  the  receiver  via  the  direct  ray 

dlffe i'h  from  the  field  arriving  via  the  reflected  ray  by  a  phase  angle  which  Is  a  function  of  the 

path  length  difference,  Ar  =  r^  +  r^  -  rQ,  illuatrated  in  figure  5.  1.  The  reflected  ray  field 

is  also  modified  by  an  effective  reflection  coefficient  R  and  associated  phase  lag  (it  -  c), 

e 

which  depend  on  the  conductivity,  permittivity,  roughnesa,  and  curvature  of  the  reflecting 
surface,  as  well  as  upon  the  ratio  of  the  products  of  antenna  gain  patterns  in  the  directions  of 
direct  and  reflected  ray  paths. 

Let  g  and  g  represent  the  directive  gain  for  each  antenna  in  the  direction  of 
oi  oi 

the  other,  asauming  antenna  polarizations  to  be  matched.  Similar  factors  g  and  are 

defined  for  each  antenna  in  the  direction  of  the  point  of  ground  reflection,  The  effective  re¬ 
flection  coefficient  R^  is  then 


R  =  DR 
c 


er,Kr,  ] 
8o,8OI  / 


% 

exp 


% 

K 


(5.1) 


where  the  divergence  factor  D  allow*  for  ths  divergence  of  energy  reflected  from  a  curved 
surface,  and  may  be  approximated  as 


D  = 


2d  d 

1  g 

a  d  tan  ^ 


(5.2) 


A  mine  i’xjiiI  expression  for  the  divergence  factor,  D,  based  on  geometric  optics  was  derived 
by  Kiblet  and  Barker  (  1948],  Ttu*  term  R  represents  the  magnitude  w*i  ihe  theoretical  coef¬ 
ficient,  l<  \  xp[  -i(n  -  c)]  ,  for  reflection  of  a  plane  wave  from  a  smooth  plane  surface  of  a  given 
i  uiidui  livity  and  dielectric  constant,  In  most  cases  c  may  be  set  equal  to  zero  and  R  is  very 
in  ,t r ty  unity,  A  notable  exception  for  vertical  polarization  over  sea  water  is  discussed  in  annex 
III.  Values  of  K  and  c  vs  i}i  are  shown  on  figures  III,  1  to  III.  8  for  both  vertical  and  hori¬ 
zontal  polarization  over  good,  average,  and  poor  ground,  and  over  sea  water. 

The  grazing  angle  and  the  other  geometrical  parameters  d,  dj,  d^,  and  a  are  shown 
on  figure  5.  1.  The  terrain  roughness  factor,  defined  in  section  5,2.2,  and  the  radio 
wave  length.  A,  are  expressed  in  the  same  units.  The  exponent  (a^  slniM/A  is  Rayleigh’s 
criterion  of  roughness. 
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If  the  product  DK  exp(~0.6  sin  ip/X)  is  less  than  s/sin  ip#  and  is  less  than  0.5, 
ground  reflection  may  be  assumed  to  be  entirely  diffuse  and  R^  is  then  expressed  as 


R 

e 


{ 


in! 

go,g 


rz 


02 


sin  ip 


% 


(5.3) 


where  terrain  factor*  D,  R  and  <r  are  ignored.  The  factor  g  g  /g  g  in  (5.  3)  makes 

n  rj  rz  01  02 

R  approach  zero  when  narrow-beam  antennas  are  used  to  discriminate  against  ground  re¬ 
flections. 

K'or  a  single  ground  reflection,  the  attenuation  relative  to  free  space  may  be.obtained 
from  the  general  formula 


A  =  - 10  log 


(g  g  [ 

1  01  02  I 


1  +  R 


2  R 

e 


COB 


'Zrr  Ar 
k 


C)j}  + VAa  db 


(5.4) 


where  the  path  antenna  gain  G  may  not  be  equal  to  the  sum  of  the  maximum  antenna  gains. 

P 

Losses  A  due  to  atmospheric  absorption,  given  by  (3.4),  may  be  important  at  frequencies 
a 

above  i  GHz  .  The  basic  trancmlssion  loss  is 


=  32.45  +  20  log  f  +  20  log  r  +  A .  (5.  5) 

b 

Over  a  smooth  perfectly-coi  ting  surface,  R^  =  1  and  c  =  0  ,  Assuming  also  that 

free  space  ante  -a  gains  are  realize  so  that  G  =  10  log(g  g  )  .  the  attenuation  relative 
1  P  01  02 

to  free  space  is 

2 

A  a  -  6  -  10  log  sin  (tt  Ar/\)  db,  ,e  ^ 


Kxact  forirulas  for  computing  Ar  are  given  in  annex  III.  The  appropriate  approximations 
given  in  (5. 9)  to  (5.  13)  suffice  for  most  practical  applications.  If  Ar  is  less  than  0.  12\, 

(5,  4)  may  underestimate  the  attenuation  and  one  of  the  methods  of  section  5, 1  should  be  used. 
Section  5.2.1  shows  how  to  define  antenna  heights  h^  and  h^  above  a  plane 
earth,  or  above  a  plane  tangent  to  the  earth  at  the  point  of  reflection.  The  grazing  angle  ip 
is  then  defined  by 

tan  ip  =  h'^/d^  =  h^/d^  ^ 

’  ,io  heights  and  distances  are  in  kilometers  and  d^  and  d^  are  distances  from  each  an¬ 
tenna  to  the  point  of  specular  reflection: 
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dj  +  d2*d,  dj  =  d(l  +  d2  =  d(l  +  h^/hy"1,  (5.8a) 

The  distances  d^  and  d^  may  be  approximated  for  a  spherical  earth  by  substituting  antenna 
heights  h^  and  h^  above  the  earth  for  the  heights  h^  and  h*,  in  (5.8a).  Then  these  heights 
may  be  calculated  as 

hl  =  ^  '  d  1 1  (2a)  ’  h2  =  h2  "  d2/  (2a)  ( 5- 8b) 

for  an  earth  of  effective  radius  a,  and  substituted  in  (5.8a)  to  obtain  improved  estimates  of 
dj  and  d^  .  Iterating  between  (5.8a)  and  (5.8b),  any  desired  degree  of  accuracy  may  be 
obtai  ned. 

The  path  length  difference  between  direct  and  ground  reflected  rays  is 

Ar  =  J  d2  +  (h'  +h!,y  -  nJ  d2  +  (h’1  -  h'j*  3  Zh'^ld  (5.9) 

where  the  approximation  in  (5.  9)  is  valid  for  small  grazing  angles. 

Referring  to  (5.5)  the  greatest  distance,  d^,  for  which  A  is  zero,  (assuming  that 

R  =  1  and  that  free  space  gains  are.  realized)  occurs  when  Ar  =  X./6  .  Frpm  (5.  9) 

<2 

Ar  a  2h'jhyd;  therefore: 


d  *12h'h'/\.  (5.10a) 

O  1  fa 

This  equation  may  be  solved  graphically,  or  by  iteration,  choosing  a  series  of  values  for  d 
solving  (5.8)  for  h^,  h^ ,  and  testing  the  equality  in  (5.  10a). 

For  the  special  case  of  equal  antenna  heights  over  a  spherical  earth  of  radius  a,  the 
distance  d^  may  be  obtained  as  follows; 

Ar  =  X./6  =  ~  |^h  -  dQ2/(8a)  j  =  2h2/dQ  -  hdo/(2a)  +  dZ/{3Za.Z)  (5.  10b) 

d  s  d  s  d/2,  h  »  h,  »  h,  and  h*  =  h  -  d2/(8a), 
l  c  1  c.  O 


where 
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For  this  special  case  where  h^  =  h^  over  a  smooth  spherical  earth  of  radius  a,  the 
angle  may  he  defined  as 


tan  $  =  2  h/d  -  d/(4a) 


(5. 11a) 


Ar  -  d(sec 


1)  =  <J  1+  tan^ ip  -  1 J 


(5.  lib) 


Let  0  represent  the  angle  of  elevation  of  the  direct  ray  r  relative  to  the  horizontal 

"  Z  ° 

at  the  lower  antenna,  h^ ,  assume  that  h^  <<  h^,  ^<<  ^a« p  /2,  and  that  the  grazing  angle, 

ip,  Is  small;  then,  over  a  spherical  earth  of  effective  radius  a, 


Ar  S  2  h^  simp  ^  h^£  J 0 ^  +  4  h^/(3a)  +  0^  j 


whether  0,  is  positive  or  negative.  For  0.  =  0,  d  s2  h  /(3»p)  . 
n  nil 

Two  very  useful  approximations  for  Ar  are 

2 

Ar  a  2  t  d^ /d  £2^  sin  >p  kilometers  13j 

and  the  corresponding  expressions  for  the  path  length  difference  in  electrical  radians  and  in 
electrical  degrees  are 

2rrAr/\  =  41.917  f  hjh^/d  =  41.917  f  if  d^/d  S£  42  f  hjSin*  radians  (5.  14a) 

360Ar  A  =  2401.7  £  hjh^/d  =  2401.7  f  i|j2  d^/d  S  2402  £  h  simp  degrees  (5.  14b) 

where  f  is  the  radio  frequency  in  MHz  and  all  heights  and  distances  are  in  kilometers. 

The  last  approximation  in  (5,  13)  should  be  used  only  if  h  is  small  and  less  than  h,/20, 

2  it 

as  it  involves  neglecting  d^/(2a)  relative  to  h^  in  (5.8)  and  assuming  that  d^  £  d  , 

As  noted  following  (5.5),  ray  optics  formulas  are  limited  to  grazing  angles  such  that 

Ar  >0.06X.  .  With  this  criterion,  and  assuming  R^  =  1 ,  the  attenuation  A  is  15  dB  for 

the  corresponding  minimum  grazing  angle 

vp  «  sffijST \  cF/[ci  .  radians 
m  14 


where  anteWVias  are  bafely  intervlsible.  A  comparison  with  the  CCIR  Atlas  of  smooth-earth 
diffraction  curves  snows  that  the  attenuation  relative  to  free  space  varies  from  10  to  20 
decibels  for  a  zero  angular  distance  (0  =  0,  ip  =  0)  except  for  extremely  low  antennas. 
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Figure  5.  la  abowa  how  raya  will  bead  above  aa  earth  of  actual  radio*  a^  »  6370  Ulo* 
meters,  while  figure  5.  lb  abowa  the  aame  ray*  drawn  aa  straight  Uoea  above  an  earth  of  ef¬ 
fective  radiua  a.  Antenna  height*  above  sea  level*  h^  and  are  usually  slightly  greater 

than  the  effective  antenna  heights  h*  and  h*  ,  defined  In  5.2. 1.  This  difference  arise*  from 

l  & 

two  circumstances:  the  smooth  curve  may  be  a  curve-fit  to  the  terrain  instead  of  representing 
•ea  level,  and  straight  rays  above  an  effective  earth  overestimate  the  ray  bending  at  high  ele¬ 
vations.  This  latter  correction  Is  insignificant  unless  d  is  large. 
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5.  2_  1  A  Ccrvc-Fit  to  Terrain 

A  smooth  ccrvc  is  fitted  to  terrain  visible  from  both  a steesas.  It  is  tssed  to  define  an* 

tenna  heights  h*  and  fc*  ,  as  ■nrell  as  to  determine  a  single  reflection  point  where  the  angle 
l  £ 

of  Incidence  of  a  ray  is  equal  to  the  angle  of  reflection  of  a  ray  r^  in  figure  5. 1.  This 

curve  Is  alst  required  to  obtain  the  deviation,  c of  terrain  heights  used  in  computing  R 
an  e 

in  (5. 1),  Experience  has  shown  that  both  h*  and  fc*  should  exceed  0. 16X  for  the 

A  ^ 

following  formulas  to  be  applicable.  One  of  the  prediction  methods  listed  in  subsection  5.  1  may 
be  used  where  these  formulas  do  not  apply. 

First,  a  straight  line  is  fitted  by  least  squares  to  equidistant  heights  h.(x.)  above  sea 

2  1  1 

!e*/eL  end  x  /{2a)  is  then  subtracted  to  allow  for  the  sea  level  curvature  1/a  illustrated  in 

*  < 
figure  6.4.  The  following  equation  describes  a  straight  line  h(x)  fitted  to  21  equidistant 

values  of  h^(x^)  for  terrain  between  x^  =  x^  and  kilometers  from  the  transmitting 

antenna.  The  points  x^  and  are  chosen  to  exclude  terrain  adjacent  to  either  antenna 

which  is  not  visible  from  the  other: 


h(x)  -  h  +  m(x  -  x) 

20 

(5.  15a) 

20 

r  i  V  u  -  xo+x20 

h  =  TT  L  hi  *  x  =  2  *  m  = 

2  £  h.(i-10) 

(5.  15b) 

i=0 

77  ^X20  "  V 

Smooth  modified  terrain  values  given  by 

y(x)  =  h(x)  -  x2/(2a)  (5.  16] 

will  then  define  a  curve  of  radius  a  which  is  extrapolated  to  include  all  values  of  x  from 
x  =  0  to  x  =  d,  the  positions  of  the  antennas. 

The  heights  of  the  antennas  above  this  curve  are 


hi  =  h  -  h(0),  h«  ah  -  h(d)  . 
1  ts  2  rs 


If  h^  or  h*£  is  greater  than  one  kilometer,  a  correction  term,  Ah,  defined  by  (6.  12) 
and  shown  on  figure  6.  7  is  used  to  reduce  the  value  given  by  (5.  17). 

Where  terrain  is  ao  irregular  that  1-t  cannot  be  reasonably  well  approximated  by  a 
single  curve,  is  large  and  =  0  ,  not  because  the  terrain  is  very  rough,  but  because 
it  is  irregular.  In  such  a  situation,  method  3  of  section  5.  1  may  be  useful. 
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5. 2. 2  Tbc  terrain  roughness  factor.  ^ 

The  terrain  roughness  factor  r  in  {5.  1)  la  the  roo€-mean-square  deviation  of  modified 

n 

terrain  elevations,  jTj,  relative  to  the  smooth  curve  defined  fay  (5. 16).  within  the  limits  of  the 
first  Fresnel  rone  in  the  horizontal  reflecting  plane.  The  outline  of  a  first  Fresnel  zone  el¬ 
lipse  is  determined  fay  the  condition  that 


t 

T 

L 


i 


i 


i 

i 


fj- 
i , 


ril  +  r21 


Tj  +  +  X/2 


where  r^  4  r ^  is  the  length  of  a  ray  path  corresponding  to  reflection  from  a  point  on  the 
edge  of  the  Fresnel  zone,  snd  r  +  r  is  the  length  of  the  reflected  ray  for  which  angles  of 
incidence  and  reflection  are  equal.  Norton  and  Omberg  [1947]  give  general  formulas  for 
determining  a  first  Fresnel  zone  ellipse  in  the  reflecting  plane.  Formulas  are  given  in 
annex  III  for  calculating  distances  x :  and  x^  from  the  transmitter  to  the  two  points  where 
the  first  Fresnel  ellipse  cuts  the  great  circle  plane. 

A  particularly  interesting  application  of  some  of  the  smooth-earth  formulas  given  in 
this  section  is  the  work  of  Lewin  [  1962]  and  others  in  the  design  of  space-diversity  configura¬ 
tions  to  overcome  phase  interference  fading  over  line-of-sight  paths.  Diffraction  theory  may 
be  used  to  establish  an  optimum  antenna  height  for  protection  against  long-term  power  fading, 
choosing  for  instance  the  minimum  height  at  which  the  attenuation  below  free  space  is  20  db 
for  a  Horizontally  uniform  atmosphere  with  the  maximum  positive  gradient  of  refr&ctlvity 
expected  to  be  encountered.  Then  the  formulas  of  this  section  will  determine  the  optimum 
diversity  spacing  required. to  provide  for  at  least  one  path  a  similar  20  db  protection  against 
multipath  from  direct  and  ground-reflected  components  throughout  the  entire  range  of  refr&c¬ 
tlvity  gradients  expected.  In  general,  the  refractive  index  gradient  will  vary  over  wider 
ranges  on  over-water  paths  [ikegami,  1964], 


ib 


i 

\ 
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5.  3  Sosjc  Effects  cf  Clattered  Terrain 

TJic  effects  of  refraction,  diffraction,  and  absorption  by  trees,  hills,  and  man-made 

obstacles  are  often  important,  especially  if  a  receiving  installation  is  low  or  is  surrounded 

by  obstacles.  Absorption  of  radio  energy  is  probably  the  least  important  of  these  three 

factors  except  in  cases  where  the  only  path  for  radio  energy  is  directly  through  some  Uztihl- 
I 

ing  material  or  where  a  radio  path  extends  for  a  long  distance  through  trees. 

Studies  made  at  3000  MHz  indicate  that  stone  buildings  and  groups  of  trees  so  dente 
that  the  sky  cannot  be  seen  through  them  should  be  regarded  as  opaque  objects  around  which 
diffraction  takes  place  [  Me  Petrie  and  Ford,  1946].  At  3000  MHz  the  loss  through  a  23- 
ccntiineter  thick  dry  brick  wall  was  12  db  and  increased  to  46  db  when  the  wall  was  thor¬ 
oughly  soaked  with  water.  A  loss  of  1.  5  db  through  a  dry  sash  window,  and  3  db  through 
a  wet  one  were  usual  values. 

The  only  objects  encountered  which  showed  a  loss  of  less  than  10  db  at  3000  MHz 
were  thin  screens  of  leafless  branches,  the  trunk  of  a  single  tree  at  a  distance  exceeding 
30  meters,  wood-framed  windows,  tile  or  slate  roofs,  and  the  sides  of  light  wooden  huts. 

Field  strengths  obtained  when  a  thick  belt  of  leafless  trees  is  between  transmitter  .md  re¬ 
ceiver  are  within  about  6  db  of  those  computed  assuming  Fresnel  diffraction  over  an  obstable 
slightly  lower  than  the  trees.  Loys  through  a  thin  screen  of  small  trees  will  rarely  exceed 
6  db  if  the  transmitting  antenna  can  be  seen  through  their  trunks.  If  sky  can  be  seen  tr.ronyh 
the  trees,  1  5  db  is  the  greatest  expected  loss. 

The  following  empirical  relationship  for  the  rate  of  attenuation  in  woods  lies  been  given 
by  Saxton  and  Lane  f  1955]: 

Aw  =  d(0.  244  log  f  -  0.442)  decibels,  (f  >  100  MHz)  ;*).  18* 

where  Is  the  absorption  in  decibels  through  d  meters  of  trees  in  full  leaf  at  b  frequency 
f  megahertz. 

The  situation  with  a  high  and  a  low  antenna  in  which  the  low  antenna  is  located  a  small 
distance  from  and  at  a  lower  height  than  a  thick  stand  of  trees  is  quite  different  from  the 
situation  in  which  both  antennas  may  be  located  in  the  woods.  Recent  studies  at  approxi¬ 
mately  500  MHz  show  the  depression  of  signal  strengths  below  smooth  earth  values  as  a 
function  of  clearing  depth,  defined  as  the  distance  from  the  lower  antenna  to  J;e  edye  o*  the 
woods  [  Head,  I960] .  The  following  empirical  relation  is  established: 

A^  =  52  -  12  log  decibels  (F,  10) 

where  A^  is  the  depression  of  the  field  strength  level  below  smooth  earth  values  and  *d^  ii 
the  clearing  depth  In  meters. 
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5.4  Sample 'Calculation  of  Line-of-Sigbt  Prediction* 

Attenuation  relative  to  free  apace  ia  predicted  for  a  short  line- of-sight.  path  shown 
in  figure  5.2.  Measurement*  at  a  frequency  of  100  MHz  were  made  using  vertical  polari¬ 
zation.  Tin*  transmitting  and  receiving  antennas  are  4  meters  and  9  meters,  respectively, 
a Ihjvi-  ground. 

A  straight  line  is  fitted  by  least  squares  to  the  terrain  visible  from  both  antennas. 
Terrain  near  the  transmitter  isexcludcd  because  it  is  shadowed  by  high  foreground  terrain. 
Twenty* one  equidistant  points  x.  =  x^,  x^,  „  *  .  are  chosen  as  shown  onfigure  5.2a 

and  the  corresponding  terrain  heights,  h. ,  are  read.  From  (5.  15)  the  average  terrain  height 
h  in  IMl.Ji  in,  llie  average  distance  x  is  13.0  km,  and  the  slope  m  is  -6.0  meters  per 
kiloineliM'.  The  equation  for  the  straight  line  is  then 

h(x)  =  1531.8  -  6(x-13)  m  =  1.5318  -  6(x-13)  •  10-3  km. 

Aii  elfective  earth’s  radius,  a,  is  obtained  using  figure  4.  1  and  equations  (4.3)  and 
(4.4).  For  this  area  in  Colorado  is  280  and  a  =  8200  kn\.  From  (5.  16)  the  adjustment 

to  allow  for  the  sea  level  curvature  is 

y(x)  =  h(x)  -  x^/(l6,  400)  km. 

Figure  5  2b  shows  the  curve  y{x)  vs  x  and  terrain  which  has  been  modified  to  allow  for 
1  lie  seu  level  curvature. 

At  the  transmitter,  x  =  0  and  h(x  =  0)  is  1609.  5  m.  At  the  receiver,  x  s  d  =  19.  75 
km  and  h(x  -  19.75)  is  1491.4  m.  From  (5.  17)  the  antenna  heights  above  the  smooth  reflecting 
plane  are  then: 

Id  -  h  -  li(0)  -  1647.  1  -  1609.  5  -  37.6  m  =  0.0376  km, 

1  t  a 

Id  -  h  -  h(d)  =  1524.0  -  1491.4  52.6  m  =  0.0326  km, 

2  r  8 

where  h  =  1647.1  m  and  h  -  1524,0  in  are  the  heights  above  sea  level  at  the  transmitter 

rs  & 

and  receiver  respectively.  At  100  MHz  (X  =  3  m),  the  criterion  that  both  h’j  and  h^  musf 
exceed  0.  16  X  is  met.  Neither  h'  nor  h^  exceeds  one  kilometer,  so  no  correction  factor 
Ah.  is  required.  From  (5.6)  and  (5.  7)  the  distances  and  d^  from  each  antenna  to  the 
point  of  specular  reflection  are 

Uj  =  d(l  +  hph'j)*1  =  10.58  km,  «  d(l  1  h'j/h’,)'1  =  9.17  km, 
and  the  grazing  angle  is 

tan  *  =  h’^/dj  =  h^/da  ^  0.003554 
^  =  0.003554  radians. 
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From  (5.4*)  the  path  length  difference,  Ar,  between  direct  and  i  elicited  r.i\;.  is: 

i  JL 

Ar  -  j^tl2  I  (h'j  +  h*)2J  -  |«1“  +  (h'j  -  h'2)Z j  =  1.2413  x  SO"'1  km. 

The  approximation 

Ar  Zh'jhyd  -  1.2413  x  10'4  km  =  0.  124  m  K  0.04* 

is  also  valid  in  this  ease.  Note  that  Ar  is  less  than  0.12\  and  optical  methods  im  lading  a 

divergence  factor  may  underestimate  the  attenuation. 

One  should  note  that. important  reflections  might  occur  from  the  high  ground  nevJ 

transmitter.  In  tins  case  the  reflecting  plane  would  correspond  to  the  foreground  terrain 

giving  h‘j  =  4  in,  h^  =  50  m,  =  1.53  km,  d^  =  18,  22  km  and  Ar  -  0.02  m  which  is  much 

less  than  0.  16\  .  Optical  methods  would  not  be  applicable  here. 

The  attenuation  relative  to  free  space  may  be  estimated  using  one  of  the  methods 

described  in  subsection  5,1.  Of  these,  methods  4  and  5  would  apply  in  this  case.  Choosing 

heights  hj  s  4  m,  h^  -  25  m,  as  heights  above  foreground  terrain,  the  theoretical  smooth 

earth  curves  in  the  CCIR  Atlas  [  1959]  show  the  predicted  field  to  be  about  36  db  below  the 

free  space  value.  The  “standard11  propagation  curves,  annex  I,  figure  I.  7,  drawn  for  100  MHz 

and  h  =  h  =  30  meters  show  the  median  basic  transmission  loss  to  be  about  15  dB  below 
1  £ 

the  free  space  loss.  Greater  attenuation  would  be  expected  with  lower  antennas  over  irregular 
terrain.  Method  5  using  the  empirical  curve  through  data  recorded  at  random  locations,  an¬ 
nex  I,  figure  I.  1.  shows  the  attenuation  to  be  about  20  dB  below  free  space.  These  data  wer-e 
recorded  with  an  average  transmitter  height  of  about  250  m,  and  a  receiver  height  of  10  m 
For  the  very  low  antennas  used  on  this  Colorado  path  one  would  expect  the  losses  to 
exceed  the  values  shown  on  figures  I,  7  and  I.  1,  and  also  to  exceed  the  theoretical  smooth 
earth  value  of  A  &  36  db  obtained  from  the  CCIR  Atlas,  Spot  measurements  yield  a  value 
of  about  40  db. 

If  a  prediction  were  desired  for  transmission  over  the  same  path  at  300  MHz,  \  -  I  n\ 
then  Ar  -  0.  124  m  is  slightly  greater  than  0. 12 X  and  optical  methods  could  be  used.  Using 
the  value  Ar  =  0.  124  m  the  path  length  difference  in  electrical  radians  2r  Ar/\  =  0.  780  5 
radians.  As  a  check,  this  quantity  may  be  computed  using  (5,  14a): 

1  drr  Ar /K  =  41.917  f  h^h^/d  =  0.  7805  radians 

=  44. 7  degrees . 

Equation  (5.4)  shows  the  attenuation  relative  to  free  space  assuming  a  single  ground 

reflection  from  the  smooth  curve  y(x) ,  figure  5.2b.  Assuming  that  free  space  gains  are 

realized  so  that  G  =  10  log  g  g  the  equation  may  be  written  * 

P  oi  oi 
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A  =  -.10  log£l  +  coB^^r  -  c)j 


where  U  is  the  effec  tive  reflection  coefficient  defined ;by  (5. 1): 


„„/gri8ri\l  /  h 


0.6  o  sin 

n  \ 


With  f  =  300  MHz,  and  tan  ^  =  0.003554,  figure  HI.  3,  annex  HI  shows  the  theoretical  reflection 
coefficient  R  -  0.97  and  the  phase  shift  c  =  0  for  vertical  polarization  over  average  ground. 
The  angle  between  the  direct  and  the  reflected  ray  is  small  so  the  ratio  of  gains  in  (5. 1)  may 
be  considered  to  be  unity.  The  divergence  factor  D  and  effective  reflection  coefficient  R 

e 

are 


D  =  (\ 

\ 


+ 


2Va  x-j 
ad  tan  + J 


0.865 


R  *»  0.839  ex 
e 


-0. 6  <r  sin^ 


The  terrain  roughness  factor,  the  rcot-rnean-square  deviation  of  modified 

terrain  elevations  relative  to  the  curve  y(x)  within  the  limits  of  the  first  Fresnel  zone  in 
the  horizontal  reflecting  plane.  The  first  Fresnel  ellipse  cuts  the  great  circle  plane  at  two 
points  x ^  and  x^  kilometers  from  the  transmitter.  The  distances  and  may  be 
computed  using  equations  (III,  18)  or  (HI,  19)  to  (III.  21)  of  annex  HI, 


B  a  0.  135,  xQ  =  10.02,  Xj  =  9. 12 

x  =  x.  -  x  =  0.90  km,  x  =  x_  +  x,  =  19.  14  km 
a  0  1  b  0  1 

The  first  Fresnel  zone  cuts  the  great  circle  plane  at  points  0,9  and  19.  14  km  from 
the  transmitter  with  an  intervening  distance  of  18.24  km.  Equidistant  points  are  chosen  at 
x  »  1,  2,  ...  19  and  corresponding  modified  terrain  heights  and  values  of  y(x)  are  obtained. 
With  height  differences  in  kilometers: 

19 

at~  Y  (y.  -  h.)2/l9.  <r  =  0.008222. 
h  L>  J  J  /  n 

j=l 

The  effective  reflection  coefficient  is  then 

R^  =  0.839  exp  -  0.01753  =  0.824 


5-13 
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which  is  greater  than  0.  5  and  greater  than  Vsin  .  The  predicted  attenuation  relative  to  free 
space  A  is  then 


10  log  l  +  R^ 


2  R  cos 
e 


=  -  10  log  j  1. 6793  -  1.6484  cos  0.7805 


Due  to  diffraction  effects. over  irregular  terrain,  the  attenuation  A  is  often  ob¬ 
served  to  be  much  greater  than  the  values  corresponding  to  the  ray  theory  calculations  il¬ 
lustrated  in  this  example.  Ray  theory  is  most  useful  to  identify  the  location  and  depth  of 
nulls  in  an  interference  pattern  in  the  region  visible  to  two  antennas.  Figure  5,  3  shows  an 
interference  pattern  from  an  aircraft  at  10,000  ft. ,  transmitting  on  328,2  MHz.  Measured 
values  compared  with  theoretical  curves  based  on  ray  theory/are  shown  on  the  figure. 


HEIGHT  IN  METERS  9  HEIGHT  IN  METERS 


A  LINE-OF-'SIGHT  PATH  NEAR  BOULDER,  COLORADO 
f  =  100  AND  300  MHz  ,*  htg  =  4m  ,  hrg;=9m 


:  .  n  i  5  t  i  c  £  t  ft  ft  in  n  15  u  ii  it  t 
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OBSERVED  INPUT  VOLTAGE  -VARIATION  AT  GROUND  STATION  RECEIVER 
FROM  AN  AIRCRAFT  AT  10,000  FEET  TRANSMITTING  ON  328.2  MHz 
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6.  DETERMINATION  OF  ANGULAR  DISTANCE  FOR  TRANSHORIZON  PATHS 

The  angular  distance,  0,  is  the  angle  between  radio  horizon  rays  in  the  great  circle 
piano  defined  by  the  antenna  locations.  This  important  parameter  is  used  in  diffraction  theory 
as  well  as  in  forward  scatter  theory.  Angular  distance  depends  upon  the  terrain  profile,  as 
illustrated  in  figure  6.1,  and  upon  the  bending  of  radio  rays  in  the  atmosphere.  Figure  6.1 
assumes  a  linear  dependence  on  height  of  the  atmospheric  refractive  index,  n,  which  implies 
a  nearly  constant  rate  of  ray  refraction.  If  heights  to  be  considered  are  less  than  one  kilo¬ 
meter  above  the  earth's  surface,  the  assumption  of  a  constant  effective  earth's  radius,  a, 
makes  an  adequate  allowance  for  ray  bending.  Atmospheric  refractivity  N  =  (n  -  1)  X  10^ 
more  than  one  kilometer  above  the  earth's  surface,  however,  is  assumed  to  decay  exponen¬ 
tially  with  height  [Bean  and  Thayer,  1959  ].  This  requires  corrections  to  the  effective  earth's 
radiuq  formulas,  as  indicated  in  suosection  6.4. 

To  calculate  0,  one  must  first  plot  the  great  circle  path  and  determine  the  radio 
horizons. 

6.1  Plotting  a  Great  Circle  Path 

For  distances  less  than  70  kilometers,  the  great  circle  path  can  be  approximated  by 
a  rhumb  line,  which  is  a  line  intersecting  all  meridians  at  the  same  angle.  For  greater  dis¬ 
tances,  the  organization  of  a  map  study  is  illustrated  on  figure  6.2.  Here,  a  rhumb  line  is 
first  plotted  on  an  index  map  to  show  the  boundaries  of  available  detailed  topographic  sheets. 
Segments  of  the  actual  great  circle  path  are  later  plotted  on  these  detailed  maps. 

The  spherical  triangle  used  for  the  computation  of  points  on  a  great  circle  path  is 
shown  on  figure  6.3,  where  PAB  is  a  spherical  triangle,  with  A  and  B  the  antenna  term¬ 
inals,  and  P  the  north  or  south  pole.  B  has  a  greater  latitude  than  A,  and  P  is  in  the 
same  hemisphere.  The  triangle  shown  is  for  the  north*  rn  hemisphere  but  may  readily  be 
inverted  to  apply  to  ihe  southern  hemisphere.  B1  is  any  point  along* the  great  circle  path 
from  A  to  B,  and  the  triangle  PAB'  is  the  one  actually  solved.  The  latitudes  of  the 

points  arc*  denoted  by  3>  ,  <k  ,  and  $  ,  while  C  and  C'  are  the  differences  in  longi- 

a  13 1 

tude  between  A  and  B  and  A  and  B',  respectively.  Z  and  Z'  are  the  corresponding 
great  circle  path  lengths.  The  following  formulas  are  practical  for  hand  computations  as  well 
as  for  automatic  digital  computers.  Equations  (6,1)  to  (6.4)  have  been  taken,  in  this  form, 
from  a  well-known  reference  book  [I.  T.  and  T. ,  1956  J,  where  they  appear  on  pages  730-739. 

The  initial  bearings  (X  from  terminal  A,  and  Y  from  terminal  B)  are  measured 
from  true  north,  and  arc  calculated  as  follows: 

Y  -  X  _  C  lY  .  *13  '  *A  \/( 

tan  __  root  y  i^sxn  - j - )/ 


■)] 


(6.1) 


f 
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6,  2  Plotting  a  Terrain  Profile  and  Determining  the  Location  of  P.adio  Horizon  Obstacles 

This  subsection  explains  how  to  determine  the  sea  level  arc  distance,  dT  from  an 

Lit,  r 

antenna  to  its  radio  horizon  obstacle,  and  the  height,  h  of  this  obstacle  above  mean  sea 

Lit,  r 

level.  The  horizon  obstacles  are  represented  by  the  points  (d^,  h^)  and  (d^r#  h^)  in 
the  groat  circle  plane  containing  the  antennas.  Those  points  may  be  determined  by  the  tops  of 
high  buildings,  woods,  or  hills,  or  may  be  entirely  determined  by  the  bulge  of  the  earth  itself. 
All  of' the  predictions  of  this  paper  replace  the  earth  by  a  cylinder  whose  elements  are  per- 
pcndicular  to  the  great  circle  plane  and  whose  cross-section  is  in  general  irregular  and 
determined  by  the  antenna  and  horizon  locations  in  the  great  circle  plane,  When  the  difference 
in  elevations  of  antenna  and  horizon  greatly  exceeds  one  kilometer,  ray  tracing  is  necessary 
to  determine  the  location  of  radio  horizons  accurately  [Bean  and  Thayer,  1959  ]. 

Elevations  h.  of  the  terrain  are  read  from  topographic  maps  and  tabulated  versus 
their  distances  x.  from  the  transmitting  antenna.  The  recorded  elevations  should  include 
those  of  successive  high  and  low  points  along  the  path.  The  terrain  profile  is  plotted  on  linear 
graph  paper  by  modifying  the  terrain  elevations  to  include  the  effect  of  the  average  curvature 
of  the  radio  ray  path  and  of  the  earth's  surface.  The  modified  elevation  of  any  point  h^ 
at  a  distance  from  the  transmitter  along  a  great  circle  path  is  its  height  above  a  plane 
which  is  horizontal  at  the  transmitting  antenna  location: 

y,  -  K  -  x.2/(2a)  (6*  10) 

where  the  effective  earth's  radius,  a,  in  kilometers  is  calculated  using  (4.4),  or  is  read 
from  figure  4. 2  as  a  function  of  Nq,  The  surface  refractivity,  Nq,  is  obtained  from  (4.  3), 
where  Nq  is  estimated  from  the  map  on  figure  4,1, 

A  plot  of  y  versus  x.  on  linear  graph  paper  is  the  desired  terrain  profile.  Figure 

6.4  shows  the  profile  for  a  line-of-sight  path,  The  solid  curve  near  the  bottom  of  the  figure 
indicates  the  shape  of  a  surface  of  constant  elevation  (h  =  0  km).  Profiles  for  a  path  with  one 
horizon  common  to  both  antennas  and  for  a  path  with  two  radio  horizons  are  shown  in  figures 

6.5  and  6,6,  The  vertical  scales  of  these  three  figures  arc  exaggerated  in  order  to  provide  a 
sufficiently  detailed  representation  of  terrain  irregularities.  Plotting  terrain  elevations 
vertically  instead  of  radially  from  the  earth's  center  leads  to  negligible  errors  where  vertical 
changes  are  small  relative  to  distances  along  the  profile. 

On  a  cartesian  plot  of  y^  versus  x^  as  illustrated  in  figures  6.4,  6,5,  and  6.6,  the 
ray  from  each  antenna  to  its  horizon  is  a  straight  line,  provided  the  difference  in  antenna  and 
horizon  elevations  is  less  than  one  kilometer.  Procedures  to  be  followed  where  this  is  not  the 
case  are  indicated  in  the  next  subsection. 
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6.  3  Calculation  of  Effective  Antenna  Heights  for  Trans  horizon  Paths 
If  an  antenna  is  located  on  another  structure,  or  on  a  steep  cliff  or  mountainside,  the 
height  of  this  structure,  cliff,  or  mountain  above  the  surrounding  terrain  should  be  included 
ns  part  of  the  antenna  height.  To  obtain  the  effective  height  of  the  transmitting  antenna,  the 
average  height  above  sea  level  h^  of  the  central  80  per  cent  of  the  terrain  between  the  trans¬ 
mitter  and  its  horizon  is  determined.  The  following  formula  may  be  used  to  compute  hfc  for 
31  evenly  spaniel  terrain  elevations  h  ^  for  i  a  0,  l,  2,  30,  where  h^  is  the  height 

above  sea  level  of  the  ground  below  the  transmitting  antenna,  and,  h  =  h  ; 

t  JO  Jut 

27 

V  Is  1  hti*  \ =  hw  “  N  £or  V  V  (6‘lla) 

i-3 

otherwise 

Vh..-\o  |6',lb) 

where  h  is  tho  height  of  the  transmitting  antenna  above  mean  sea  level.  The  height  h 
ts  r 

is  similarly  defined. 

If  h  or  h  as  defined  above  is  less  than  one  kilometer,  h  :h  or  h  =  h  , 
t  r  te  t  re  r 

For  antennas  higher  than  one  kilometer,  a  correction  Ah  ,  read  from  figure  6,7,  is  used  to 

e 

reduce  h  or  h  to  the  value  h.  or  h  : 

tv  te  re 

ht0  =  \  '  N.»  *  hre  =  N  -  Ahe(N'  N,>  •  12) 

The  correction  Ah  was  obtained  by  ray  tracing  methods  described  by  Dean  and  Thayer  [  1959  ]* 
For  a  given  effective  earth’s  radius,  the  effective  antenna  height  h  corresponding  to  a 
given  horizon  distance  d^t  is  smaller  than  the  actual  antenna  height,  hfc.  Over  a  smooth 
spherical  earth  with  h  <  1  km  and  <  1  km,  the  following  approximate  relationship 
exists  between  effective  antenna  heights  and  horizon  distances: 

htc=4t'<2»*‘  Nc  =  dL/<2a)  <6’13a> 

If  the  straight  line  distance  r  between  antennas  is  substantially  different  from  the  sea  level 
arc  distance  d,  as  in  communication  between  an  earth  terminal  and  a  satellite,  the  effective 
antenna  heights  must  satisfy  the  exact  relation: 

hte  =  ;i[  scc(dLt/a)  -  1]  ,  =  a[  sec(dLr/a)  -  1  ] 


(6.  13b) 


CCP  702-1 


6,4  Calculation  of  the  Angular  Distance,  0 
The  angular  distance,  8,  is  the  angle  between  horizon  rays  in  the  great  circle  plane, 
and  is  the  minimum  diffraction  angle  or  scattering  angle  unless  antenna  beams  are  elevated* 
Calculations  for  cases  where  the  antenna  beams  are  elevated  are  given  in  annex  1X1, 

In  calculating  the  angular  distance,  one  first  calculates  the  angles  0^  and  0  by 
which  horizon  rays  are  elevated  or  depressed  relative  to  the  horizontal  at  each  antenna,  as 
shown  on  figure  6,1,  In  this  report,  all  heights  and  distances  arc  measured  in  kilometers, 
and  angles  are  in  radians  unless  otherwise  specified.  When  the  product  0d  is  less  than  2, 

0=0  a  d/a  +  0+0  (6. 14) 

oo  et  er  v  9 

whore  a  in  (6,  14)  is  the  effective  earth's  radius  defined  in  section  4,  The  horizon  ray 
elevation  angles  0  and  8^  may  be  measured  with  surveying  instruments  in  the  field, 
or  determined  directly  from  a  terrain  profile  plot  such  as  that  of  figure  6.5  or  6.6,  but  are 
usually  computed  using  the  following  equations: 


where  hx  f,  are  heights  of  horizon  obstacles,  and  h^,  h^Q  are  antenna  elevations, 

all  above  moan  sea  level.  As  a  general  rule,  the  location  (h_  .  dt  )  or  (h_  ,  d_  )  of  a 

JLt  Lit  Lr  Jj  r 

horizon  obstacle  is  determined  from  the  terrain  profile  by  using  (6*15)  to  test  all  possible 

horizon  locations*  The  correct  horizon  point  is  the  one  for  which  the  horizon  elevation  angle 

8  or  0  is  a  maximum*  When  the  trial  values  are  negative,  the  maximum  is  the  value 
et  er  ° 

nearest  zero*  For  a  smooth  earth, 


0  =  -  n/TT7 - 7T 

et,er  te,rc 


h.  < 
te,  re 


At  the  horizon  location,  the  angular  elevation*  of  a  horizon  ray,  0  or  0  ,  is 

°  1  ot  or 

greater  than  the  horizon  elevation  angle  0  or  8 ^  ; 


9ot  =  9et  +  dLt/a  * 


0  =  6  +  d.  /a  . 

or  er  Lr 


(6,  16) 


If  the  earth  is  smooth, 


0  ^  and  0  are  zero,  and  0  Si  D  /a  ,  where 
ot  or  s 


D  =  d  -  dT  -  dT 
a  Lt  Lr 


(6*  17) 


Figure  6*8,  valid  only  for  0  +  0^  =0,  is  a  graph  of  0  versus  Dg  for  various  values  of 

surface  refractivity,  N0  . 


6-5 

F-L31 


CCP  702-1 


In  the  general  case  of  irregular  terrain,  the  angles  a  and  p^  shown  in  figure 
6. I  are  calculated  using  the  following  formulas: 


.  h  -  h 

a  =  -£.+  0  .  + 
oo  2a  et  d 


(6.  18a) 


.  h  -  h 

d  rs  ts 

p  =  -y-  +  e  +  t-  ■ 

roo  2a  er  « 


(6.18b) 


These  angles  arc  positive  for  boyond-horizon  paths.  To  allow  for  the  effects  of  a  non-linear 
ref  ('activity  gradient,  and  Pqq  are  modified  by  corrections  A<*q  and  Ap^  to  give 

the  angles  aQ  and  p^  whose  sum  is  the  angular  distance,  6,  and  whose  ratio  defines  a 
path  asymmetry  factor  a: 


or  =  or  +  Aor 
o  oo  o 


(6.  19a) 


p  =  p  +  Ap 
ro  roo  ro 


(6.  \ 9b) 


0  =  a  +  p  ,  s=or/p. 
o  ro  o  ro 


(6.  19c) 


The  corrections  Aor  and  Ap  are  functions  of  the  angles  and  0  ,  (6,16), 

o  ro  °  ot  or  f 

and  of  the  distances  d^  and  d^  from  each  horizon,  obstacle  to  the  crossover  of  horizon 
rays.  These  distances  are  approximated  as 

d  sdp/0  -  d  ,  d  =  dor  /O  -  d  (6. 20 

st  roo  oo  Lt  sr  oo  oo  Lr  cu 

The  sum  of  d  and  d  is  the  distance  D  between  horizon  obstacles,  defined  by 
st  sr  s  ,  7 

(6.17),  Over  a  smooth  earth  d  =  dfly  =  D#/2. 

Figure  6.9*  drawn  for  N  =301,  shows  A  a  as  a  function  of  0  and  d  , 

*  *  s  o  ot  st 

Similarly,  Ap^  is  read  from  the  figure  as  a  function  of  0  and  dgr*  For  values  of 
other  than  301,  the  values  as  read  from  the  figure  are  multiplied  by  C(Ng): 


Aa  (N  )  *  C(N  )  A*  (301)  ,  AP  (N  )  =  C(N  )  Ap  (301) 

OS  so  OS  so 


(6.21a) 


C  (N  )  =  {1.3  N2  -  60  N  )  x  10"5 

S  s  S 


(6.21b) 


t  oi  instance,  C(250)  =  0,  66,  C(301 )  =  1.0,  C(350)  =  1  •  38,  and  C(4  00)  =  1.84.  Figure  6.10 
shows  C(N  )  plotted  versus  N  , 
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For  small  0^  f  no  correction  4ao  or  ^  is  required  tor  values  of  d  ,  less  than 
100  Km.  When  both  \a  and  are  negligible:  8t' 1 


0  =  0  =  or  +0 

oo  oo  roo 


(6.  12) 


which  ia  the  aame  as  (6*  14). 


If  0  or  ia  negative,  compute 


d'  =  d 
st  at 


or  d*  =  d 
sr  8r 


(6.23) 


substitute  d1  for  d  or  d'  for  d  and  read  figure  6,9,  using  0  =0. 

3 1  st  sr  sr  ot,  r 

If  either  0  A  or  0  is  greater  than  0.1  radian  and  less  than  0,9  radian, 

ot  or 

determine  A  a  or  A0  for  9  =  0,1  radian  and  add  the  additional  correction  term 

o  o  ot 

N  (9*97  -  cot  0  )  [  1  -  cxp(-  0*05  d  )  ]  X  10*^  radians  , 

s  ot,  r  st,  r 


The  bending  of  radio  rays  elevated  more  than  0,9  radian  above  the  horizon  and  passing  ail 
the  way  through  the  atmosphere  is  leas  than  0,0004  radian,  and  may  be  neglected. 

Other  geometrical  parameters  required  for  the  calculation  of  expected  transmission 
loss  are  defined  in  the  sections  where  they  are  used. 

Many  of  the  graphs  in  this  and  subsequent  sections  assume  that  s  =  <*Q/$Q  ^  1* 
where  ctQ  and  are  defined  by  (6.  19a)  and  (6.19b).  It  is  therefore  convenient,  since 
the  transmission  loss  is  independent  of  the  actual  direction  of  transmission,  to  denote  as  the 
transmitting  antenna  whichever  antenna  will  make  s  less  than  or  equal  to  unity.  Alter¬ 
natively,  s  may  be  replaced  by  l/s  and  the  subscripts  t  and  r  may  be  interchanged 
in  some  of  the  formulas  and  graphs,  as  noted  in  later  sections. 
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SPHERICAL  TRIANGLE  FOR 
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MODIFIED  TERRAIN  ELEVATION 
IN  KILOMETERS 
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MODIFIED  TERRAIN  PROFILE  FOR  A 
LINE-OF-SIGHT  PATH 
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MODIFIED  TERRAIN  PROFILE  FOR  A  COMMON-HORIZON 
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Figure  6.1 


DISTANCE  ,  X  ,  IN  KILOMETERS 
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REDUCTION  OF  ANTENNA  HEIGHT  FOR  VERY  HIGH  ANTENNAS 
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7.  DIFFRACTION  OVER  A  SINGLE  ISOLATED  OBSTACLE 
A  propagation  path  with  a  common  horizon  for  both  terminal*  may  be  considered, as 
having  a  single  diffracting  knife  edge.  In  some  cases,  reflection  from  terrain  may  be  neglected 
as  discussed  in  section  7.  1;  in  other  cases,  ground  reflections  must  be  considered  as  shown  in 
section  7,2  and  appendix  III.  In  actual  situations,  the  common  horizon  may  be  a  mountain  ridge 
or  similar  obstacle,  and  such  paths  are  sometimes  referred  to  as  "obstacle  gain  paths",  [  Barsis 
and  Kirby,  1961;  Dickson,  Egli,  Herbstreit  and  Wickizer,  1953;  Furutsu,  1956,  1959,  1963; 
Kirby,  Dougherty  and  McQuate,  1955;  Rider,  1953;  Ugai,  Aoyagi,  and  Nakahara,  1963],  A  ridge 
or  mountain  peak  may  not  provide  an  ideal  knife  edge.  The  theory  of  "rounded  obstacles"  is  dis¬ 
cussed  by  Bachynski  [  I960],  Dougherty  and  Maloney  [  1964),  Neugebauer  and  B&chynski  [  I960], 
Hlce  [  1954],  Wait  (  1958,  1959]#  and  Walt  and  Conda  [  1959].  Furutsu  [  1963]  and  Millington, 
Hewitt,  and  Immirzi  [  1962a]  have  recently  developed  tractable  expressions  for  multiple  knife- 
edge  diffraction.  In  some  cases,  over  relatively  smooth  terrain  or  over  the  sea,  the  common 
horizon'may  be  the  bulge  of  the  earth  rather  than  an  isolated  ridge.  This  situation  is  discussed 
in  section  8. 


7.  1  Single  Knife  Edge,  No  Ground  Reflections 
A  single  diffracting  knife  edge  where  reflections  from  terrain  may  be  neglected  is  il¬ 
lustrated  in  figure  7,  1,  where  the  wedge  represents, the  knife  edge.  The  diffraction  loss 
A(v,  0)  is  shown  on  figure  7. 1  as  a  function  of  the  parameter  v;  from  Schelleng,  Burrows, 
and  Ferrell  [  1933]  and  is  defined  as 


v  a  ±  Z  \ISvfk  ~  ±  \(2d  tan  a  tTn~’p*)7k 

o  o 


or  in  terms  of  frequency  in  MHz; 


v  »  i  2.  583  e-JTKTi d2/d 


where  the  distances  are  all  in  kilometers  and  the  angles  In  radians.  The  distance 


Arsr1+r2-ro=0  dj  d.,/<2d) 


is  discussed  in  section  5,  and  the  distances  and  d^  from  the  knife  edge  to  the  trans-, 

mitter  and  receiver,  .respectively,  are  shown  on  figure  7.1.  The  radio  wave  length,  is, in 

the  same  units  as  the  total  path  distance,  d.  The  angles  p^,  and  0  are  defined  in 

section  6,  In  this  case,  h„  ~  h,  ,  and  since  d  =  d  =  0 ,  no  corrections  Aa  or  &P 

Lt  Lr  st  sr  o  o 

are  required.  For  the  line-of-slght  situation,  shown  in  figure  7.  1  and  discussed  in  section 
5.  1,  the  angles  and  p^  are  both  negative,  and  the  parameter  v  is  negative.  For 
transhorizon  paths,  and  P^  are  both  positive  and  v  is  positive. 
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If  v  is  greater  than  3t  A(v,  0)  may  be  expressed  by; 

A(v,  0)  «  12,953  +  20  log  v  db 


(7.2) 


TIhs  basic  transmission  loss,  L^,  for  a  knife-edge  diffraction  path  is  given  by 
•idding  A(VfO)  to  the  free  apace  loss; 

Hd*  Hf +  A(v*0)  db  (7.3) 

whore  is  given  by  (2,  16),  For  frequencies  above  about  1  GHz,  an  estimate  of  the  loss 

due  to  absorption  (3.  1),  should  be  added  to  (7,3)  and  (7,4). 

If  the  angles  a •  and  p^  are  small*  the  basic  transmission  loss  over  a  knife-edge 

(H (fraction  path  may  be  written  as  : 

L^d  =  30  log  d  +  30  logf+  10  log  a ■  +  10  log  p^  +  53.644  db  (7.4) 

which,  however,  is  accurate  only  if  v  >  3,  d  >>X,  and  (d/X)  tan  a  tanp  >  4  . 

o  o 

For  many  paths,  the  diffraction  loss  is  greater  than  the  theoretical  loss  shown  in 
(7.2),  (7.3),  and  (7.4),  because  the  obstacle  is  not  a  true  knife  edge,  and  because  of  other 
possible  terrain  effects.  For  a  number  of  paths  studied,  the  additional  loss  ranged 
from  10  to  20  db. 

The  problem  of  multiple  knife-edge  diffraction  is  not  discussed  here,  but  for  the 
double  knife-edge  case,  where  diffraction  occurs  over  two  ridges,  a  simple  technique  may 
be  used.  The  path  is  considered  as  though  it  were  two  simple  knife-edge  paths,  (a)  trans¬ 
mitter  -liret  ridge-second  ridge,  and  (b)  first  ridge-second  ridge  -receiver.  The  diffrac¬ 
tion  attenuation  A(v,  0)  is  computed  for  each  of  these  paths,  and  the'  results  added  to  obtain 
the  diffraction  attenuation  over  the  whole  path.  When  the  parameter  v  is  positive  and  rather 
small  for  both  parts  of  the  path,  this  method  gives  excellent  results.  Methods  for  approx¬ 
imating  theoretical  values  of  multiple  knife-edge  diffraction  have  been  developed  by  Wilkerson 
I  156-1] . 
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7.2  Single  Knife  Edge  with  Ground  Reflections 
Theoretically,  received  fields  may  be  increased  by  as  much  as  12  db  due  to  enhance- 

- 

ment,  or  deep  nulls  may  occur  due  to  cancellation  of  the  signal  by  ground  reflections.,  Re¬ 
flection  may  occur  on  either  or  both  sides  of  the  diffracting  edge.  When  the  reflecting  surface 
between  the  diffracting  knife-edge  and  either  or  both  antennas  is  more  than  .the  depth  oi  a  first 
Fresnel  zone  below  the  radio  ray,  and  where  geometric  optics  is  applicable,  the  four  ray  knife- 
edge  theory  described  in  annex  III  may  be  used  to  compute  diffraction  attenuation.  This  method 
is  used  when  details  of  terrain  are  known  so  that  reflecting  planes  may  be  determined  rather  ac¬ 
curately.  Using  the  four  ray  theory,  the  received  field  may  include  three  reflected  components, 
with  associated  reflection  coefficients  and  ray  path  differences,  in  addition  to  the  direct  ray 
component. 

When  an  isolated  knife  edge  forms  a  common  horizon  for  the  transmitter  and  receiver, 

s 

the  diffraction  loss  may  be  estimated  as: 


where 


A  =  A(v,  0)  -  Gfhj)  -  G(h2)  db 


h=  2.2325  B2<K.b*)  (f2/a,)*h  at  5.  74  (^/a.)  ^  h 
l  1  te  1  te 

h  =  2.2325  B2(K,  b°)  (f2/a  )*  h  a  5.  74  (^/a,)  *  h 
4  4  rc  4  r  c 


a.  "  d2  /(2h  ).  a,  =  d2  /(2h  )  . 
1  Lt  te  2  Lr  re 


(7.5) 

(7.6a) 

(7.6b) 


The  parameters  b*,  K,  and  B(K,  b°)  are  defined  in  subsection  8. 1.  The  knife-edge  attenuation 

A(v,  0)  is  shown  on  figure  7,  1,  and  the  function  G(h)  introduced  by  Norton,  Rice  and  Vogler 

(  19551  is  shown  on  figure  7.2.  Effective  antenna  heights  h  ,  h  ,  and  the  distances'  d,  , 

1  J  te  re  Lt 

d  are  defined  in  section  6.  In  these  and  other  formulas,  f  is  the  radio  frequency  in  MHz. 

The  function  G(h  y)  represents  the  effects  of  reflection  between  the  obstacle  and  the 

1,2 

transmitter  or  receiver,  respectively.  These  terms  should  be  used  when  more  than  half  of  the 
terrain  between  an  antenna  and  its  horizon  cuts  a  first  Fresnel  zone  ellipse  which  has  the  an¬ 
tenna  and  its  horizon  as  focii  and  lies  in  the  great  circle  plane.  Definite  criteria  are  not  avail¬ 
able,  but  in  general,  if  terrain  near  the  middle  distance  between  a  transmitting  antenna  and  its 

f  i 

horizon  is  closer  to  the  ray  than  0. 5[kd  )2  kilometers,  G(h  )  should  be  used.  The  same 

1 

criterion,  depending  on  d  ,  determines  when  G(h  )  should  be  used.  When  details  of  terrain 
l*r  ^  i 

are  not  known,  an  allowance  for  terrain  effects,  G(h  )  ,  should  be  used  if  0.5(\d  )z  > 

1,  2  Lt,  Lr 

|  h  -  h  1/2,  where  all  distances  and  heights  are  in  kilometers. 

1  Lt,  Lr  ts,  rs1 
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7*  3  Isolated  Rounded  Obstacle,  No  Ground  Reflections 
Dougherty  and  Maloney  [  1964  ]  describe  the  diffraction  attenuation  relative* to  free 
space  for  an  isolated,  perfectly  conducting,  rounded  knife  edge.  The  rounded' obstacle  is 
considered  to  be  isolated  from  the  surrounding  terrain  when 

kh[2/(kr)]^  >>  1 

where  k  =  2ti7X,  r  is  the  radius  of  curvature  of  the  rounded  obstacle,  and  h  is  the 

2  2  V*  2  2  lA 

smaller  of  the  two  values  £  (d  +  r  )-r]  and  [(d  +  r  )'  -  r  ]. 

Lit  Dr 

The  diffraction  loss  for  an  isolated  rounded  obstacle  and  irregular  terrain 
shown  in  figure  7.3  is  defined  as: 

A(v,  p)  =  A(v,  0)  +  A(0,  p)  +  0 (vp)  db  {7. 7) 

where  v  is  the  usual  dimensionless  parameter  defined  by  (7. 1)  and  p  is  a  dimensionless 
index  of  curvature  for  the  crest  radius,  r  in  kilometers,  of  the  rounded  knife  edge: 


vp  *  1.746  0{fr) 


;* 


i  a 

p  =  0.676  rJf  ‘[d/(rir2)] 


(7.8) 

(7.9) 


where,  f  is  the  radio  frequency  in  MHz ,  d  is  the  path  distance  in  kilometers,  and 
r  shown  in  figure  7.3  are  the  distances  in  kilometer z  from  the  transmitter  and  receiver, 

respectively  to  the  rounded  obstacle.  For  all  practical  applications,  r^r^  maY  replaced 
by  djd^ .  Where  the  rounded  obstacle  is  the  broad  crest  of  a  hill,  the  radius  of  curvature, 
r  ,  for  a  symmetrical  path  is: 

r  =  Df/e  (7.10) 


where  D  =d-df  -d,  is  the  distance  between  transmitter  and  receiver  horizons  in 
s  L,t  Lr 

kilometers,  and  6  is  the  angular  distance  in  radians  (6. 19).  Where  the  ratio  a  /fi  X  1 , 

o  o 

the  radius  of  curvature  defined  in  term*,  of  the  harmonic  mean  of  radii  a^  and  a^  defined 
in  the  next  section,  (8.9),  and  shown  in  figure  8. ,7: 


r 


2  0  d  d 
s  st  sr 


(7*  11) 


la  (7.7),  the  term  A(v,  0)  is  the  diffraction  loss  for  the  ideal  knife  edge  (r  =  0), 
and  is  read  from  figure  7.1.  The  term  A(0,  p)  is  the  magnitude  of  the  intercept  values 
(v  =  0)  for  various  values  of  p  and  is  shown  on  figure  7.4.  The  last  term  U(v  p)  is  a 
function  of  the  product,  vp  ,  and  is  shown  on  figure  7.5. 


7-4 

F-1A8 


cep  702-1 


K 


Arbitrary  mathematical  expressions,  given  in  annex  III,  have  been  fitted  to  the  curves  of 
figures  7.1,  7.3,  7.4,  and  7.5  for  use  in  programming  the  method  for  a  digitaL  computer. 

The  diffraction  loss  A(v,p)  as  given  by  (7.7)  is  applicable  for  either  horizontally 
or  vertically  polarized  radio  waves  over  irregular  terrain  provided  that  the  following  condi¬ 
tions  are  met: 

(a)  the  distances  d,  d^,  d^,  and  r  are  much  larger  than  X, 

(b)  the  extent  of  the  obstacle  transverse  to  the  path  is  at  least  as  great  as  the  width 
of  a  first  Fresnel  zone; 


(c)  the  components  a  and  p  of  the  angle  0  are  less  than  0.175  radians,  and 

o  o  ^ 

(d)  the  radius  of  curvature  is  large  enough  so  that  (tr  r f\f  >>  1 . 

In  applying  this  method  to  computation  of  diffraction  loss  over  irregular  terrain,  some 
variance  of  observed  from  predicted  values  is  to  be  expected.  One  important  source  of  error 
is  in  estimating  the  radius  of  curvature  of  the  rounded  obstacle,  because  the  crests  of  hills 
or  ridges  are  rarely  smooth.  Differences  between  theoretical  and  observed  values  are  apt 
to  be  greater  at  UHF  than  at  VHF- 


i 
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7*4  Isolated  Rounded  Obstacle  with  Ground  Reflections 
If  a  rounded  obstacle  has  a  small  radius  and  is  far  from  the  antennas,  (7*7)  may 
neglect  important  effects  of  diffraction  or  reflection  by  terrain  features  between  each  antenna 
and  its  horizon* 

Such  terrain  foreground  effects  may  be  allowed  for,  on  the  average,  by  adding  a  term, 

10  exp(-2.3p)  to  (7*7)*  The  effect  of  this  term  ranges  from  10  db  for  p  =  0  to  1  db  for 

p  =  1,  When  some  information  is  available  about  foreground  terrain,  the  G{h.  -)  terms 

i,  L 

discussed  in  section  7*2  may  be  used  if  more  than  half  of  the  terrain  between  an  antenna 
and  its  horizon  cuts  a  first  Fresnel  zone  in  the  great  circle  plane; 

A  =  A(v,  p)  -  CK^)  -  G(hz)  db  (7*  12) 

where  A(v,  p)  is  defined  by  (7.7),  h^,  h^  by  (7.6),  and  the  functions  G(h^  2)  are  shown 

on  figure  7.2. 

When  details  of  terrain  are  known,  and  the  reflecting  surfaces  between  the  rounded 
obstacle  and  either  or  both  antennas  are  more  than  the  depth  of  a  first  Fresnel  zone  below 
the  radio  ray,  the  geometric  optics  four -ray  theory  described  in  annex  III  may  be  appli¬ 
cable.  In  this  case,  the  phase  lag  of  the  diffracted  field  with  reference  to  the  free  space 
field  must  be  considered  in  addition  to  the  ray  path  differences  of  the  reflected  components. 

The  phase  lag  fl(v,  p)  of  the  diffracted  field  is  defined  as 

$(v,  p)  =  90  v2  -f  $(v,  0)  +  ^(0,  p)  +  <(>(vp)  degrees  (7.13a) 

whore  the  functions  4>(v,0),  4<0,  p),  and  <J>(VP)  are  shown  on  figures  7.1,  7.4,  and  7.5, 
respectively.  For  an  ideal  knife-edge,  p  =  0,  the  phase  lag  of  the  diffracted  field  is 

2 

*(v,  0)  =  90  v  +  tfv,  0)  for  v  >  0  (7. 13b) 

end  $(v,  0)  =  4>(v,  0)  for  v  <  0  (7.  13c) 
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7  5  An  Example  of  Transmission  Lose  Prediction  for  a  Rounded  Isolated  Obstacle 
'  The  path  aelected  to  provide  an  example  of  knife-edge  diffraction  calculations  is  lo¬ 
cated  in  eastern  Colorado,  extending  from  a  location  near  Beulah,  southwest  of  Puetlo,  to 
Table  Mesa  north  of  Boulder.  The  common  horizon  is  formed  by  Pikes  Peak,  with  an  eleva¬ 
tion  4300  meters  above  mean  sea  level.  For  the  purpose  of  these  calculations  Pikes  Peak  is 
considered  to  be  a  single  rounded  knife  edge.  The  complete  path  profile  is  shown  in  figure 
7.  6,  Table  7.  1  gives  all  applicable  path  and  equipment  parameters  and  permits  a  compari¬ 
son  of  calculated  and  actually  measured  values. 


TABLE  7. 1 

Path  and  Equipment  Parameters 

Carrier  Frequency 

Total  Great  Circle  Path  Distance 

Great  Circle  Distances  from  Pikes  Peak 
to  Transmitter  Site 
to  Receiver  Site 

Terminal  Elevations  above  Mean  Sea  Level 
Transmitter  Site 
Receiver  Site 

Elevation  of  Pikes  Peak 

Above  Mean  Sea  Level 
Above'  Mean  Terminal  Elevation 

Transmitting  Antenna  Height  Above  Ground 

Transmitting  Antenna  Gain  Above  Isotropic 
(4. 3  m  Dish) 

Receiving  Antenna  Height  Above  Ground 

Receiving  Antenna  Gain  Values  Above 
,  Isotropic  (3  m  Dish) 

Polarization 

Modulation 

Transmitter  Power 


751  MHz 

223.3  km 

77.3  km 
146.0  km 


1,905  m 
1,  666  m 


4,  300  m 
2,  507  m 

7.3  m 

26.7  db 
20.0  m 

23.6  db 

Horizontal 

Continuous 

Wave 

445  watts 


Calculations  are  given  for  single-ray  diffraction,  neglecting  possible  specular  reflections 
from  foreground  terrain. 

The  minimum  monthly  surface  refractivity  Nq  (referred  to  mean  sea  level)  from 

figure  4. 1  is  300  N-units.  From  Table  7. 1  the  terminal  elevations  are  1905  and  1666  m, 

respectively.  Corresponding  surface  refractivity  values  are  245  and  251  N-units  (4.3), 

and  the  average  of  these  values  is  N  =  248.  In  this  example,  N  is  calculated  for  the 

a  8 

terminals,  as  the  antennas  are  more  than  150  m  below  their  4300  m  radio  horizon.  Using 
(4.4)  or  an  extrapolation  of  figure  4.  2,  the  effective  earth  radius  a  for  =  248  is  found 
to  be  7830  km. 


i 

l 


7-7 

F-151 


CCP  702-1 


! 


Hi*'  angular  distance  0  in  radian*  and  related  parameters  are  calculated  using 

(6,  IS)  .iiwl  (fa.  IHa.b):  0  ■  0.008581  0  *  0.025953  «  =  0,021827  ^  *  0.041225.  In 

'  et  er  oo  roo 

it* i h  m|>lr  (I  and  d  arc  negligibly  smal!t  and  (be  corrections  Au  nnd  dp 

1  st  sr  *  *  o  o 

(it.  1'M,  h)  i.iti  l»r  m’uli’«ti-u.  Thus,  ♦♦  «  «  P  |*  .  and  0  a  0,061042  radians. 

'  '  *  oo  o  oo  o 

riu-  i*  loss  and  the  attenuation  relative  to  free  space  are  computed  con- 

snli  riitg  Pikf-s  IV, ik  to  be  a  single  isolated  rounded  obstacle.  From  a  study  of  large-scale 

tniing r. mini  m.iiis.  t |ie  diKtance  D  between  the  radio  horlrons  at  tho  top  of  the  peak  is  ssti- 

s 

iiuited  in  bt  u  «>  10  km.  With  i  =  751  M.4«,  d  a  146.0  km,  and  d,  *  77.3  km.  we  deter  - 


v  -  11., 7 3  (v  is  positive,  as  both  and  are  greater  than  aero)  (7.1b) 

r  *  0.6344  (7.  10),  vp  *  0.858  (7.8)  and  p  «  0.0271 

The  test  described  in  section  7.  3  shows  that  the  assumption  o!  an  isolated  obstacle 
is  upplit  able.  The  components  of  basic  transmission  loss  are  than  datarminad  as  followat 

Free-space  Lots  L,  *  157.0  db  (2.16) 

01 

A(vi  0)  *  43.0  db  figure  7.  I 

A(0,  p)  *  6.0  db  figure  7,4 

U(v,  p)  •  5. 1  db  figure  7.5 

T ota Is  are:  A(v,  p)  *  54. 1  db,  and  from  (7.  3),  L ^  +  A(v,  p)  «  191. 1  db. 

The  average  atmospheric  absorption  tarm,  A^ ,  from  figura  3.6  is  0.7  db.  Than 

the  total  basic  transmission  loss  value  L ^  *  191.8  db,  which  la  equal  to  tha  long -tarm  ref* 

erence  value  L .  This  reference  value,  is  strictly  applicable  only  to  those  hours  Of  tha 

year  which  are  characterised  by  a  surface  rafractivity  of  approximately  250  N-unita. 

The  expected  behavior  of  tho  hourly  median  basic  transmission  loss  for  all  hour  a 

of  the  year  over  this  path  can  be  determined  using  the  methods  described  in  section  10.  A 

function  V(0.  5,  d  )  which  is  used  with  L  to  compute  the  long-term  median  transmission 
c  cr 

loss  for  a  given  climatic  region  is  described  in  subsection  10.4,  A  function  Y(q»  d  )  ds- 

s 

scribes  the  variability  relative  to  this  long-term  median  that  is  expected  for  a  fraction  of 
hours  q  .  The  toUl  cumulative  distribution  for  this  path  in  a  Continental  Temperate  climate 
is  computed  as  shown  in  subsection  10.  5. 

Since  this  is  a  knife-edge  diffraction  path,  it  will  be  necessary  to  calculate  cumula¬ 
tive  distributions  Y(q,  d^)  separately  for  portions  of  the  path  on  each  side  of  Pikes  Peak  and 
to  combine  the  results  as  described  in  subsection  10.8*  Effective  antenna  heights  are  com* 
puted  aa  heights  above  curves  fitted  to  terrain  on  each  aide  of  Pike's  Peak  using  (5. 15)  and 
(5. 16'.  The  curves  are  extrapolated  to  each  antenna  and  to  Pike's  Peak.  The  effective  heights 
are  then  the  heights  of  the  ant«nr*aa  and  of  the  Peak  above  these  curves.  From  Beulah  to  Pikes 
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Peak  the  terrain  near  the  Peak  it  excluded  because  it  it  partially  shadowed.  Twenty*  on, 
•wenly  spaced  points*  x^#  from  d  *  3*3  km  to  d  *  70  km  were  selected  and  the  cor¬ 
responding  terrain  heights  x.  were  read*  From  (5. 15b)  h  =  4100  m*  x  =  36.6  kin,  an 
in  %  .*.5.  5,  and  the  straight  line  fitted  to  terrain  is 

h(x)  =  4100  4  25.  5{x  •  36.6)  meters*  i 

At  the  Heiilah  antenna,  x  -  0  and  h(x)  =  U67  meters,  at  Pikes  Peak  x  =  7V  c.  kiO.t*  u 

.nut  h(x)  109*»  meters.  The  effective  antenna  heights  are  then  73H  ,md  meh‘  ; 

Using  (UK  t)  to  (10. 3)  the  distances  d^  -  2.62.5  km,  -33.2  km,  an*5  tlu  it  .it 

tame  d  in  34,0  Km. 
e 

.Similarly  on  the  Table  Mesa  side  much  of  the  terrain  is  shadowed  by  the  sm.tii  . 
about  122  km  •ittcl  by  the  elevated  area  at  about  202  km.  The  curve  fit  is  thereto*  t  < **  t  > : 
tor  the  intervening  terrain  with  -  122.5  km  and  B  200,  5  km,  Using  21  equcl** !. 
terrain  heights  between  these  points  (5,  15b)  gives  h  *  2025  m,  x  «  161.  3  Km.  <«nd  », 
From  (5. 15a)  h(x  75.  5)  -  2H27.  h(x  »  223,3)  =  1448  meters.  The  effective  int.  m  .  h*  ; 
are  then  1473  and  218  meters  (5*17),  dj  *  222.5,  d#  a  33,2  km,  and  the  effective  i«/i  i 
d  -  74,  i  km, 

e 

We  thus  have  two  paths  in  tandem  where  the  effective  distances  ate  34*0  aiv  ,4.3 
respectively.  Cumulative  distributions  are  obtained  using  figures  10, 13,  10, 1  to,  t  * 
nations  (10.4)  to  f  10 *  7).  The  frequency  factors  are  g(0. 1,  f)  *1, 33,  g(0.  %  f)  *1, 2<\ 


Table  Mesa  Side  Beulah  Side 


v(»t.  S.  «l  ) 

0.2 

0 

ttgure 

tn.  t  \ 

Y{0. I.'l  .  urn  Mil*) 

i* 

4,7 

1.2 

Ugurc 

1;»  14 

Y|0.V,«l  ,  100  Mil*) 

-3,1 

.0.6 

ligure 

10.  1  1 

Y(0. 1) 

6.3 

1.6 

(lo.ot 

Y(0.«» 

•4.0 

-0.  77 

♦  10.6) 

Using  the  reference 

value  L  *  191.8  {\\,  „ 
cr 

nd  the  ratios 

el -i*  i  in  (10.7)  »|ie  j.r. 

itivo  distributions  for  both  portions  and  lot  th 

Lfalq)  in  <lb 

e  utUre  path 

art  t.Jjulai 

k  d  tie]  t »  * 

q 

Table  Mesa 

Beulah 

Enlhm  i  . 

0,0001 

170.6 

186.  5 

1  "li  i 

0.001 

174.4 

187.4 

!  7  * . 

0.01 

179.0 

188.6 

178.6 

0.  1 

185.3 

190.2 

184.  • 

0.  6 

191.6 

191-8 

ll.- 

0.9 

195.6 

192.6 

i  tS>  ‘ 

0.99 

1V8.9 

193.2 

!  \<>  *' 

0.99V 

201.2 

193.7 

3  . 

•».  meiv 

20:>.2 

IVh  0 
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nhm  » tvs*MtU«a«r*  oS  baste  transmission  loss  fur  the  entire  |^th 

vc>#jiru  l-y  •  pkwoInIiki:  t5*^  liistrsUctions  for  rarli  {tart  of  the  path,  as  described  in  sub- 

>-rv  Bii^i  HW.«  This  »«wc:j3tii*r  distribution  is  she* m  graphically  in  figure  1.  7  together  with 
derived  fr»««*  ctr-jicrcmrflts  over  this  path*  reflecting  1056  hours  of  data  ob- 
id.  r;«^. 

r&*-  #  limits  mo  figure  7.  7  were  derived  assuming  that 

«'(4  =  16.73  ■*  0. 12  V2{q) 

2  2  2 
c!U-  ^jrMs>  r  *#  (I*,  bj  =  U.  75«5b  given  in  JV.49)  has  been  increased  by  4  do  lu  allow 
«c 

f— «  pTjp»epc*i«-Oil  aaad  rejdteag  errors. 
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KNIFE  EDGE  DIFFRACTION  LOSS,  A(v,0) 


Flgur*  7.1 
7-11 
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<#)(v, 0),  IN  OEGREES 


+<v*)  IN  OEOREKS 


TERRAIN  PROFILE  FOR  COLORADO 


i 

i 

i 
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FRACTION  OF  ALU  HOURS 


HL  BSCTF«ACTrD08CdVE»Sa«15CmMEJ»JRTIMJU^ 

0^Srjkrcs»«Q  acmuacSM  s*er  am  rssflaffsrf  »5%e  «r  fteBfl  &as  term  dScsxusserf:  5m  sctta*  ? 

'Ete*  m*  are  a*^€  Cm  corny  UVr  acsemtacawm  ones’  ter  hiffrfje  off  te«r  carte  aeuf  oser 

«rr«rg3iltfez  &rrrra*tm.  Tft*r  atyrte*»£$  air*:  ayg4o«aIVlW*  c*>  tft<r  Car  c&STraaten®  fftr^nn.  wftwre  C te-  465- 

Cr.wr5i«<j  £*r&fl  SaCemSEfly  maty  te  «6tCtrrrmm*«<!  &y  tec  fiarsG  Ciraram  off  ter  Warn  rfWr  B?rricmm>rxr 

nrSErfit*:  srriir*  |S2!fftraam*er,.  BTHR? J-  Tftex  nrgprwm  cwSemis  fcwa  wma  ter  rartm»  Bwrczan*  cm  w*r£3 

fcrysmfl  ter  Itaesaom.  A  ersfieraa®  Es  gp*cm  Cm  Afleawm  tee  axsmcasuzs  tesSaacc  ter  w&edb  ter 

mxtearf  mac;  te  osriL  Em  f>nit  ifeiaCam  tec  Sees  Ceram  off  tec  screes  gramaftes  a  txal&fi  ay- 

geewsttastem  Cm  tec  &fira*ieft  StM  ma  as  gscstts  sgfftcSy  wSteem  Emr-o£-s*g£c  fVogBer..  BfftfJ. 

* 

e  A  sarnggStrC  gr»g&oca&  actfamf  ter  e6tccggg&«£ay  grauamefi  wane  asocaueaCtem  merer  a  sgftcra- 
caB  teayyawwa  carte  cm  tecs  ter  rfSSEractS'im  rcyteto  was  rcreagBy  c£racteyr£  fry  WegBer  f  B$mf  J* 
tear  if  oro  a  gayer  fry  gfttr&tim  fl  B£f  B  j,  The  ameteae  tfirsrrchefi  5m  sestSsm  ft..  B  is  aygSocafrBe  cm  cateer 
IbsrSrmreaS  «tr  aercacsB  yitersracasm.  amtfi  cates  arcarotg  off  tec  cffScctenr  cartels  raisas*  grotenfi 
comsflanxuu  aeirfi  rar€em  fc'c^atmey^  Em  sorctSsm  ft.,2^  a  oaftgSraaamm  off  tec  azrteftfi  ter  cotnyxcasg; 
cff^tearsSwm  aaanmarztm  ogrer  srrcgmBar  cerraem  ss  <ficscrsteifw  aem£  sectatm  3^3  camsatfirrs  tec 
ryrrre*  rage  «ff  a  cssktosw  fcwsMffl  waste  ss  tmC  am  isfteSc<  ^frstaeSr. 

Far  Breeyncmc aex  atewc  13ft(B  Mte.  tec  aeacaosztenm  <fisr  tt©  gftsegoas  ahsrrytastB  s£b*x3d 
te  afifitsfi  c©  tec  <£=£2ra*2&»n  Boss.  See  |3.  Bp  am2  ffngrrc  3„ &. 

ft.  B  Dfiftearctem  AcccapcanSsm  Oxer  a  S=a cate  Farte 
The  actemmasism  relaarxe  Ca  ffree  spare  acay  he  expressed  t»  Ccrcms  eff  a  <££ssa©cc  <flrye»ff- 
ewce*  tee  ^rgcmSrmce  eta  aaCrrrma  ibtsgfrCs*  a»fl  ter  <6eyem£rmre  so  eBrcCrffiesagmcric  graemS  ccca- 
sCasgs*  ter  carte's  ra^imsu  a©t£  ter  raS©  tec^xcmc^ 

A  *  Q^l  -  3F|*a|  -  -  CjCSLb-l  ^  A^  (®.5f 

where  is  tee  aSsaaaffceric  ahaaerpeisav  gsvem  by  £3-  5)«  and 


x*  =  ff  B  .  x  =  d  3  .  x_  =  d  3 
0  o  1  U  o  2  Lr  © 


4  2  1 

3  -iJC  BfK,  ©-).  C  =  (M97/a)5 
©  ©  © 


(6-  la) 


<*-»« 


Tie  basic  difiractioo  traasrrissioa  loss  L  ,  U 


Vbi  =  S>f 


+  A  dh. 


where  the  basic  transmUaioa  loss  la  free  space*  L^*  is  givea  by  (2.  IQ. 

of 

Tie  distsoces  d.  d^.  d^.  and  the  effective  earth's  radius,  a.  have  been  defined 
In  sections  4  and  6.  and  f  is  the  radio  frequency  in  megahertz. 
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UH*c  as  a jT  dkgemd,  «s  gefiagigasSam  «tf  c&e  raa66a>  wane  anfi  e3w  seD»- 

C&»*r  rfiWfrrv  fcr&r  ^  *a*£  ^tfrwfinxrsnxS1^  «  -  ac  c^**  jpraimA.  FBjpucse*  $„  B  a»€  »L£ 

**4U^m*  M»wrtt*»*i  ad  8S  ♦*«*£  &*"  u<nr*tw*  firet^wKaqj'  finer  «ram^csa^£ana  ®tf  *  an€  ®  <<jtrr*r#gi*mfsn}£ 

&«*  ^irca^pr-  **ud  ipwifl  jprroumC  awfi  w»  aura  wa>Tr,  FB^crir  tfLB  BS  arc  a  »  t&*HC 

a^ow.  8  **r  ^cUktt  uaBonfc  ad  «r£firn  Csntr  «rut:rcas%  rarfcdU 

SSflaS  =  C  PL  39 

a 

* 

6*er*»niLK>  tWtr  K  scud  &>  finer  &ut£  &»’Tsrr«aC*B  irxrC  tursT&cti  pff&fcsx£*2SfflTa  are  jf~n\rai  cs 
3**nttCjjwfu  BAIL'S  **tf  «*sm>oK  EEL 

THW-  punCiJKurCrrc*  2a»  £»L23*B  is  sBntara  as  ax  faxarciwa  *£  BS  asrfi  E5*  fha  fSgjese 

»L  SL  TTUk-  Brmrtimtf  nuJbuf  Si  0„6<S7  fissr  Si  —  ©  c say  &e  cestd  fistr  ssassa  gasrs  efi  &acis<sirCaS 

^wdneiTB^so^as.  UUiT-  guirasrac&cr  C s»*|  saa  §&.B|  *»a«wra  r»  fiqpmc  $.4_ 

3«  -  wtttx«d»tU  «*v  ska  £2L5S  &s  s&aasa  go  fifcgcscs  £.5  at=s5  asd  £s  dgfsggd  as 

ay  *  GUESTS  ^  t&-4) 

niM- c^zuitowxs  Ffac  „f  pCoCd«-*5  m  fi^esrrs  &L>  amd  SL&  nerscss  K  and  Jb*. 

B  +-«  U--  -  ,  .Of*.  ^  *4  «<r  F|*|  s*  aijppz** yjmmgicly  «a9»*l  8*  Qx). 

«.«-'*  Bisa.  rsartBawtfi  a»  bkMS**&  **a  *wa5y  sibc  *b:tss  f«rrr=n  «otf  Six.  ressdof  series,  22  is 

Baa***-  -5  b—  s**r-  B-*ai««Drss^  «5a»S4UK*«c»  Sa  taasesre  fi2nS  A  ss  a&eecmale  wis&ia  agj&rcacima Ie2y  !«5  *S»2 

*Q  -  -  *,(^y  >  333  ,  tf«wr  3  -  IjWl,  (bv  2  0.  |B  (6- 5a) 

%0  *  -  *,(£*,)  >  HS.  for  3:  0.7G©.  fK  ^  5<»K  (*L  S>1 

I  ..1  -  «l«ac*>  .4  h  ln;*x  brtnyra  these:  loro  limits,  linctr  isicrpolilicc  bct»ct3  tbc  A{x) 

•  *s^  -  >  *4  Ss^r*-  S.6,  4»d  the  ixo  ^jainssn  wlacs  in  (£.5)  ^;ves  a  fair  approxis^icc  of  the 
r  -xtr*'  *•!  *-•  I »*hly  «*f  (li-l).  Ussnp  liraear  islcrpolation : 

%0  -  kI  “!V  31  -  X£  -^V1’  >  ’‘min  (fi-  61 

*  335  -  242-6(1.607  -  B)  (6. 7a) 

min 

A{'..  It)  A{*.  1.  607)  *  I.  J03{  1.607  -  U)  (  A(x.  0.700)  -  A(x.  1.607)  ]  #  (8.  7b) 

A(*.  *».  »****!  •«»!  A(x.  1.607)  .ire  the  values  read  from  the  upper  and  lo»'cr  curves  of  Ax  in 

I  J***lf  •*  H  I. 
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1.2  Mffractisos  Ores*  grgegapBar  TerraS* 

TT«>  esvepaCe  fifiractia*  aOc— a «S«m  mr  jmfsbr  Cerralm.  the  szagje  efiSresive  earthfs 

riHiow  a.  vsed  ia  (1,2$  is  rtybcc^  hy  tetr  d^erofi  radii  as  J>e»  r  i®  %xre  ®. 7,  Tie 

radii  a.  aad  a_  of  the  «cm»  ittwm  cfce  arttawM  a®d  their  teiMMu  as®  sit  radSi  a 
B  2  8 

**  *  ^  «*«**•  *«-«**  *«*"<*•  l*e  ^  ,,e 

^ - J  « - 

sessara  ay 


JLb 


/(2  k  J. 


(*-*» 


*  =2>  *  J(MJ. 

8  s  S8  or 


a^-E)  ^W*^. 


f9-S» 


Tit  d&staacca  E>  .  d  .  d  „  d  .  d_  „  Che  effectf-re  asStama.  heig&cs  h  as®  fh 

»  sc  *r  La  JLar  ce  re 

as®  fir  asgzlar  dhstaace  g  are  deflacd  Is  secSi©®  i. 


'First  f sobs'  radii  are  cat®  Is  (*-2)  as®  (f.  3)  Co  ofeca&a  raises  of  Kfa)  =  K  for  ear  as 

x.  ZL  f-  r 

of  tie  fsotr  radii.  Correa ysadisg  vabet  3.  ,  #  are  fete  read  freer  £f=re  S.  3  for  rari 

l*  a*  r 

va&st  of  K. 

Tie  ifiractioa  attesoatioa  rehdre  Co  free  spare  is  air®: 


A  ^  Gfs^  -  FfSjl  -  Fl*^  -  Ct  IK%  £  +  \  «»-  m 

where  A^  is  tie  ateotphr  ric  aotorpsios  defied  by  (3- 1).  as®  Is  tsegHfible  for  freest  sc  its 
less  Aax  1  GHz.  as®  (K^  ^  is  the  weighted  average  of  (KJf  b)  and  (K^.  bfl 
read  from  iigore  1.4: 


C1  «KJ.2»  =  I%»  C»  (*V  *  *2  C1  +  V 

(8-111 

x  =  3  «J  . 

1  (i  Lt 

x  =  B  d 

2  "«  Lr 

(8- 12a) 

x  =  B  d  +B  d  +  x  4x, 

0  ot  st  or  sr  1  2 

(b.  12b) 

B  =(*C2  B_. 

•x  ex  1 

*  2 

B  =  i*  C  3, 
ei  *2  4 

(8.13a) 

B  .  =  (1  C  f  B. 
ot  ot  t 

B  =  f5  C  2  B  . 
or  or  r 

(8. 13b) 

This  method  is  applicable  to  computation  of  diffraction  attenuation  over  irregular  ter¬ 
rain  for  both  vertical  and  horizontal  polarization  for  transhorizon  paths.  The  method  may¬ 
be  somewhat  simplified  for  two  special  cases:  diffraction  over  paths  where  d  a  d  ^ 
and  for  most  paths  when  horizontal  polarization  is  used. 
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1  ffSitftfrarcioca  m#T  paths  where  *5  2t  * I 

si  s 


8*  **<  g^Blbn  wber*  Bfar  «!i*t J»«  rjc  d  ^  4«d  d  arr  equal.  Ibr  paraniricr  siuy  be 

•£*rflBwe*l  Be*  Jrrwoi  -««  I*  <*»d  Ibr  rorrespoedittg  rarlb's  radius  a  ; 


ft  D  I 

os  s 


(*  H> 


i*  -  d  -  ^  d  . 
os  %t  sr 


a  -  O  /ft 

*  9 


c 

os 


“  (M497/as) 


B  =  B(K  .  b*»  (8.  I^ai 

s  s 


B 

09 


=  f3 


B 

s 


(3.  l$b) 


verb*-**-  % "  a»3  jc^  arc  defisfd  by  (8,  12).  The  diffraction  attenuation  is  then  computed  using 

(«-  l°l- 

H.^.2  For  horizontal  polarization 

F*-r  horizontally  polarized  radio  waves,  at  frequencies  above  100  MHz.  and  with 
K(4)  o  owl.  Ibc  parameter  B(K.  b)  approaches  a  constant  value.  B  -  1.607,  and 

(K.  Id  ZO.o  \  jj>  Assuming  B  -  1.607  and  =  20.03,  the  diffraction  attenuation  may 
be  •  oi f>|**ste«l  as  follows: 


A  =  G(*0)  -  Ff*  )  -  F(*z)  -  20.03  db 


*  -  669  f J  d  /a  J.  x  =  669  l*d  /a,1 

1  Lt  1  2  Lr  2 


I  2 

x  -  669  (y  03  D  ♦  x  +  x, 
0  str  1  2 


(8.  16a) 

(8.  lfb) 

(8. 16c) 


where 


O  =  (d  d  )Vd  M  d  V(d  +  d  )~* 

str  st  sr  ^  st  sry/ '  at  sr 


Hie  |».«r«*uif ier  Ii  is  shown  in  figure  8.8  as  a  function  of  d  and  d 

Mr  *  st  sr 

h**i  |*.iihs  where  cl^  =  .  using  horizontal  polarization,  the  parameter  sim¬ 

plifies  i«* 


1  2  * 

x0  -  669  f3  (0  D^)  *  +  xj  +  *,  * 


(8.  Uni) 
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8.3  Single  “Horizon  Paths,  Obstacle  not  Isolated 

In  some  cases,  over  rather  regular  terrain  or  over  the  sea,  a  common  horizon  may 

be  the  bulge  of  the  earth  rather  than  an  isolated  ridge  or  mountain.  For  such  paths,  the 

path  distance,  d,  is  just  the  sum  of  d  and  d  ,  and  in  this  case,  the  method  described 

Lt  L*r 

in  section  8.2  is  simplified  to  one  with  only  two  earth’s  radii  instead  of  four.  The  para¬ 
meters  Xj  and  are  defined  by  (8.12),  and  =  x^  +  .  The  diffraction  attenuation 

is  then  computed  using  (8.  10). 

The  diffraction  loss  predicted  by  this  method  agrees  very  well  with  observed  valuo-J 
over  a  number  of  paths  in  the  United  Kingdom  and  the  United  States  where  the  common 
horizon  is  not  isolated. 

For  transhorizon  paths  of  short  to  medium  length,  when  it  is  not  known  whether 
diffraction  or  scatter  is  the  dominant  propagation  mechanism,  both  diffraction  and  scatter 
loss  should  be  computed.  The  next  section  shows  how  to  compute  scatter  loss,  and  lu.w  t-. 
combine  the  two  computed  values  when  they  are  nearly  equal. 


in  1 1  ii' 

'  inner 


ionic  o-iaaiaim-  naasifiuiHSiE? .  b*biib ,-b^  *  * 

iiaiHMi-aTjBJt-a  5  .  -sc;  air  , : 

"ittbM Jiaon  ^jeh«  s><»  fh 

UBia'BjEBiM  3  -  (SSlth."^  ^UBSiS  B*U4 
s » n»imiiw  WMirru 
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9-2  The  Frr^iitnicy  Cm m  TamcCm** 
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Rtf  «  -  ^  tJUr  xaSor  ©d  H  (irr  «y  s  5  cs  ccsedL  The  ce«rrecsis»  term  All  is  xcr©  for 

o  s  o 

e$  *m  -  ^  «r  1*:  I  ^»S  .*  muieMsa  fiJiar#  s  5>  db.  for  SajUy  asjuuneirical 

-»(Utu  ^  i.  T ft**  Q^W  JkK  cuy  be  aw|WLc<J  ^  >k«i  or  r«ad  Ircca  lie  ccvDOgnas* 

c* 

0s^T  I.  A  >8ir^U  I»e  bribers  rj«r«  of  u  anxS  q  to  ifcesr  rr>j*xli»c  >«!r5  iSrrscds 
as-  Qr^«a<M  «9  fiinr  tfaxar&jcd  45,  Tfcsa.  jaoeasC  cf  suters-e*  Csoes  <3*%trM  Ccs&tClrd  £#7  *a  ^!rai|;U  Hie  to 
Itr  «*r-  »4lor  «5  n;  b2rrx<l>  lie  >ul«*  a:  lie  *Jeiar«^l  wlce. 

7V  nJliwtriAg  !bnil>  »S*vdd  Ur  aj^litd  is  drtertn ;r;sg 
U  >  -  10  ox  q  >  10.  Oxe  >  t  IO  cr  q  -  10. 

U  >  -  O,  I  ox  q  r  0.  1.  «se  ^  -  0-1  or  q  =  0.  1. 
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Oft  1  O  <t  o  ol  o  *. 
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o  o  o 

■-1  <•*■  «|  liub  I ; 
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»  ■  *-,*  <4^4X0  II  fur  *1  -  I  as  <je>cribed  abov^  then  read  II  for  q  r  0  from  figure  9.  5. 
O  5  OS 

l  tr^.r  ^  :,  II  (q  '  0)  for  the  special  case  of  equal  antenna  heights.  The  desired  value 

0  2. 

in  i  «s.  !  i»ierf#rtUUoo: 
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*  u]  -  4>e,  li  -e  li  #  I  :  f  #  occurs  frequently  in  >yM**nis  •!r>ign.  K*sr  tfcir. 

Xr-  re  1  Z 

.  ^  ..  K  lu  ftr.  il  )Jf(ted  vi;r>u>  r  in  figures  III,  I  5  to  III-  19  for  q  =  1,  l9  3,  4.  i  ar:d  for 

*«.l.  «.  /r»,  0.75  and  I.  For  given  values  of  q^_  and  s,  is  read  directly  from  *nc 

ri  «i  1,^  »r.»  r>  lut.  4i  i'tlrr|r4ation.  Ho  correction  tern*  is  required.  For  ij^  <  1  the  value 

li  I)  t.%  r «*;•«!  from  figure  i  with  r  =  r  and  H  (»|  x  0)  is  read  from  figure  9.5 
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9.4  Expected  Values  of  Forward  Scatter  Multipath  Coupling  Loss 
Methods  for  calculating  expected  values  of  forward  scatter  multipath  coupling  loss  are 
given  in  several  papers,  by  Rice  and  Daniel  [  1955],  Booker  and  de  Bettencourt  [  1955]*  Staras 
[  195V],  and  Hartman  and  Wilkeraon  [  1959].  This  repovt  uses  the  most  general  method  available 
baaed  on  the  paper  by  Hartman  and  Wilkeraon  (  1959] . 

As  explained  in  section  2,  the  path  antenna  gain  is 

G  -  G  +  G  -  L  db  (9,9) 

p  t  r  gp 

where  (i^  and  are  free  space  antenna  gains  in  decibels  relative  to  an  isotropic  radiator. 

The  influence  of  antenna  and  propagation  path  characteristics  in  determining  the  loss  in  path 
antenna  gain  or  multipath  coupling  loss  L  are  interdependent  and  cannot  be  considered 
separately , 

This  section  shows  how  to  estimate  only  that  component  of  the  loss  in  path  antenna  gain 
which  is  due  to  phase  incoherence  ol  the  forward  scattered  fields.  This  quantity  ia  readily  ap¬ 
proximated  from  figure  9.6  as  a  function  of  ,  defined  by  (9.3),  and  the  ratio  9 /U,  where 
il  z  Zb  is  the  effective  half- power  antenna  beamwidth.  If  the  antenna  beamwidths  are  equal, 

U  -  U  ,  and  if  s  =  1,  values  of  L  from  figure  9.6  are  exact.  When  antenna  beamwidths 
it  gP 

are  not  equal  the  loss  in  gain  may  be  approximated  using  U  a  s/STT  . 

The  relation  between  the  tree -space  antenna  gain  G  in  decibels  relative  to  an  iso¬ 
tropic  radiator  and  the  half  power  beamwidth  il  =  Zb  was  given  by  (2,  5)  as: 

C  =  3.  50  -  20  tog  5  =  9.52  -  20  log  U  db 

where  b  and  11  are  in  radians. 

Assuming  56%  aperture  efficiencies  for  both  antennas, 

e/H  fc  e(Utu/4  t  0.3350  exy  [0,0576  (Gt  \  G^)]  (9,  i0) 

wliere  0  ih  the  angular  distance  in  radians  and  G  ,  are  the  free  space  gams  in  decibels. 

Section  2  shows  lhat  the  gain  for  parabolic  dishes  with  56%  aperture  efficiency  may 
be  computed  as  (2.7): 

G  =  20  log  D  +  20  log  f  -  42.  10  db 

where  D  is  the  diameter  ol  the  dish  in  meters  and  f  is  the  frequency  in  MHz. 

I*  or  dipole-fcd  parabolic  antennas  where  10  ^  D (\  *  25,  an  empirical  correction 
gives  the  following  equation  for  the  antenna  gain  (2.  g)- 

G  -  23.  3  log  D  +  23. 3  log  i  -  55  1  db* 
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The  general  method  for  calculating  L^  require*  the  following  parameters: 

t 

v=qft/2,  n*6r/6t  (9,  1 1} 

For  »m  &  !•  n  m  a  /4. ,  For  «u  s  1,  n  *  p  /6„  (9,12a.) 

ot  or 

fi  C  (n  +  0* 03v)/f(v)  (9,  i 2b) 

*(v)  *  [  1,36  +  0, 116v]  [1  +0,36  exp{-0,  56v)l  *  ^  (9, 13) 

where  i|.,  s,  or  and  |i  have  been  defined,  6.  and  6  are  the  effective  half-power  semi- 
#00  t  r  f 

beamwidths  of  tho  transmitting  and  receiving  antennas,  respectively,  and  f(v)  as  defined  by 
(9. 13)  is  shown  on  figure  9,7, 

Figure  9,  8  show*  I,  versus  n  for  various  value*  of  the  product  su,  For  su  <  1  read 
figure  9,8  for  l/(su)  instead  of  su  , 

9,  S  Combination  of  Diffraction  and  Scatter  Transmission  Loss 

For  transmission  paths  extending  only  very  slightly  beyond  line**  of  •sight,  diffraction 
will  be  the  dominant  mechanism  in  most  cases  and  scattering  may  be  neglected.  Conversely, 
for  long  paths,  the  diffracted  field  may  be  hundreds  of  dtcibtls  weaker  than  the  scattered 
field,  and  thus  the  diffraction  mechanism  can  be  neglected.  In  intermediate  cases,  both  mech¬ 
anism*  have  to  be  considered  and  the  results  combined  in  the  following  maimer; 

Figure  9,9  shows  a  function,  R(0,  5),  which  dspends  on  the  difference  between  the  dif¬ 
fraction  and  scatter  transmission  loss.  Calculate  this  difference  (L^  -  L^)  in  decibels, 
determine  R  (0,  5)  from  figure  9,9  and  then  determine  the  resulting  reference  value  of  hourly 

median  transmission  loss,  L  ,  from  the  relation 

cr 

Lcr  5  Ldr  ’  R{0*5)*  (9*l4) 

If  the  difference  between  the  diffracted  and  the  scattered  transmission  loss  values  exceeds 

t5  dB,  the  resulting  value  of  L^  will  be  equal  to  if  it  is  smaller  than  L^,  or  to  L 

if  thw  is  the  smaller  value.  In  general,  for  most  paths  having  an  angular  distance  greater 

th*n  0,02  radians  the  diffraction  calculations  may  be  omitted;  in  this  case,  L  =  L  .  > 

*  cr  sr 
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LOSS  IN  PATH  ANTENNA  GAIN  vs  ft 


THE  MEDIAN,  R05,  FROM  THE  CUMULATIVE  DISTRIBUTION  OF  THE 
RESULTANT  AMPLITUDE  OF  A  CONSTANT  DIFFRACTED  FIELD 
PLUS  A  RAYLEIGH  DISTRIBUTED  SCATTERED  FIELD 
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mu  gf*  wrar  ffT“*l|3*TliT  it—r  a^s||>iJu_'ifHvrTaT^flt- 


**3*0*  sm  awih^p^goiSBS.  dfeGwaagaSB*:}.  cheawrgasSsS^i  i — a^egaes^. 

fl&SMdnBifcMk-gSJWJ*}.  'Sa««a6«3  gaSSBQ-  a^aj^aglBBfc^-  *fliw.i««ri3Hl»*J.  tii«n  ■•■  r  amm 

4faoiiai*^»8a»g«»|^8»  »»a*Oeg.  *^CeiKgdlaBM c  gSBK&t]  i 
zacucc  gfeotumacssu 


^h-ou-^rfiava^gD^ft.  OB*S£.  mcwaa^fiaan^gBS^  feC==«J  ^Sft*n*SOTS=3. 

&*^a«n»3wrfja0wn5uj*:gjnsg^j.  SftasiwgaSSft.  BS*asu  a-  «-  3«23-  9faBes-*rf3»fiE» 

gOWinQ,  *mt!  ayflr  gHT«i>3-  V^dCTCTCi*iE^  3*=***Sc=>  »i=afc»  seS^act^,-  *a£  2»t 


g>y4^ra®«C  <cS*trg*r»  t3at®  6rgr  <fhiz®iaG  grr  s^a**®®*!  2c  :r«3*x=5  anetenr-- 

-tlVncrnfi  to*.  to_®®ta*cfi  ttgpcmm*  aarfb®<fi»Ca t 


as*-  ifirj^srfWrfi «»  to  j 


a®  *ca«Sj  *£  C3«»<c  ffir.parna^ 

‘32»r  3faa*ac  <£asa  aivtrfi  a®  ^£3*£tagsx£  fiSbes*  csCI'niatos  *£  SMg^icso  JP***-  £m&x xg 
^esMe^oflsaaaiainw^^irf^*  t.at^itn^aai^ca^asaisip^^iwaH^*®*^*-  *2«3» 
Aasaeaos*  «ttorf  fcrao  ~s2=»  2=*-«tf-**9c  S®  ai«ws  MU®  feCa=*5*=*.  aafi  fe*Ss«D»s*«e 


£®jjb»  4»®  JMJH®  Co  £T)  drr®,. 

saorc  tosa  ar«  eiBcscScA.  jartarsfiasSy  so  s**a®®*  *3*rc  3agSr  ssficsacasacca  as  csr- 
ress3y  axajgalflc,.  c-besc  csSrssaies  sa*otS4  &e  rMaassacd  aad  rerasefi.  -fiStortaces  s&o;£d 
jMcs-riasars  4*  stode  £©r  yaredacsaSflt  ltc*-tor=a  *ar=*5toQS  »  a=£e=*  J»^V  sstorfcaeace  <&ac  to 
rcflrc2i£xat  free®  asrcxafi  or  **iz3Jx**+  2^2  aari»^»  s®  C3®a?cr«a  perfcrratoc^  Micro- 
«ire  astosw»ts«o  iae  to  sassfa33»  dasccsscd  ra  scctacea  3*  sJhcn&d  &c  allowed  £®r  a®  cstosasi^g 
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IbUm  mum 


antaocss, 


:SBgki 


css?  /wr-3 


«tnwa»ir%wri«^ 


«%M>  m>  mn^n 

m*ffi 


©c  diacctiscr 
(ynwryrfki^rf^mmpw  rwwr#  ■iiiirll 


f~ ar  w»|fiCi  ft»aaunnmNVi 

««5^g>R’a»w»figaMiwrA> eadjaEj^csaacdtiaacac^ iWT a“aar  H&jksr  -sertoa^b 
-^aSimv  Q^fljrtea^ttolMW  ariUtefe— Sttfleaw  tf*cm 

T5Ur  mvamamm  ssafiia  £=*sapaexoy  dice:  may  3k  saojKfi  3|r  a  <tiuc:  dagaaas  ca*  £fc*  a«»fl  t6AA^ 

3tac£v=r  dutic  cRraKXc&icicaEQlaaMp 

aa^wsKfreas*?  fffl&SOfe  dkr&QMu  aaroCTacCaaaaMgJnigd^  <fiaOS*a3Ittjg»3i^»gg^ 
^jwc^atji  SBsw^aeitf^  3D3CS3c  «ok&£ sassdb: 3* csaggcrfL  A <fiuc: sSaC asaga ffcc- 

-tjwrs*o>r»  at  stittm  QKUD  3G£c  ntdH  gpufir  Sk^ct  fS^c^uesCTa  «o*mrmBS!r  edraq^iy  a&nr  fas 
a:<^acock>  -arani  csfrBtt:  ^reaper  acr>ciu*cilas<ar  3»x  ntc  3«r  c=aigc*e£ag:aaL 

mw3«r**£*sa> cfiotMBCsasr^  gajpcca  3P..B  apQtUlg,  adm^Jeg  gggcafiiragfiiSra«s*or^ 

-c  ^t^nwwgiiwrrtic  2v*di»>  2**£= 3^  Scas^  Ca&m  £amajKsasfi'£3aa*r  jfOIsfliJ.  0&av:&c 
-«5  mrac  yracrot^wari*  Sxxssm  stay  aecxssu  H&cae  maga  an  3aar.fi  an:  rarf&sMnfie 
-<!•<=«  nrainfiefiasaatfixr:  BTtD  ««rte  aaKfiam*  taalk  Stir  a  yeriaf  afi  5  yearn.  Tie  rmattSa 
-mi  jr-fitra^cr^c.  $£*£.  A-q^xas  atafi  S^wersier  owere  acOetacfi  Zf  ?«jr«#eaaKSxe  atf  sS*  acaasca. 
Cn^tranr^VnSy  5e»*  aca^itna  ncssrfiefi  gmr£3e»  snere  <snx«  a  ficy  a*>  »»  =s3itrssa^as  as:  <£a- 

*xrs*a  Crcufa  fi*  SscZbafietL  *3*ae  gaga  aar  5»r  fbc^searac*  afi  3XffU  3OTD  aafl  3W®  V£t  tSw 
jw-KjKtcj^e  ctf  aftaerraagaga  ss  caci  afi  Sic  fitter  "aeastnay  snsrsSa  :Sa2  Csaggfeag  aff  raffi®  aaxc* 
tmif  &e  cxgexscfi  a©  occsr..  Sadh  gaga  frafiVrc.Sc  gcnc^  ©r  rcgiaccS  ccodEgSaasa  3®S  saacc  fra- 
a+ggasSfca  oe  yesaref  fior  ficScf>fi  ^c«l  ggrcsarSbriag, 

£a  lar®^  area*  off  fiae  ■scorifi.  gcr=tars2r  c:er  ^sycri^  ©Dears  asfi  arcsic  areas-  Si* 
»*sfie©ec  *tf  fiaegrag  is  Sees  tsaa  car  gcrcesSL  5sr©s$  g^-Otesd-iascfi  fiacss  arc  sacal  cacssaco 
:«  srcgueaS  enfi  ss&Cregd cal  rtficci  frees  0#  te>  39*  aorta  EaSitsffc.  «J?ccsjBy  is  veCea 
-  4f<ua  asfi  sir  ?er»aa  Q^rf  Sires*  darasjg  ecocsiccj.  for  frccaraacs  cf  3030  J£Ht 

aiorr  ead  cesiered  on  sic  Percies  Gslf  rr ay  occcr  as  sxsch  as  75  pcrccss  off  Sic  si sac  is 
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« 

mm 


#fwa,  jrt^tft  si®"*  *t*c3fe3imfe4«t.  ^3*^^#fi«^nm<rini 

w^niei^m«^ttv«iai,  ii^«iww^<tffat^  wwmoi^Hi ffr— u  m^MsmirtyuiKir 
(Um  £  air  n—r  trails  ^S*tftfc#rw«s3>Qfr,  t&r  «o*«cKfgn 

gt^towggsawrmwu  ■nagTfcMwrwyrr.  JFm*  matt  ftoacstwrsii  JhtmcvMdmL 

gUrotr  uC  mrr  t^ct>i.^  «tawm;a»s3txiMr  *tawmrf*sg*eag«&a*ga4»«tt»^^  gtaafihqr 

1gfa^irgag3»fkg^ttMt^CT»**^igacta^  *^guc5i*s^gMcrs^:^ 

gp*>*  ^y!T^yra^*  g»$ye  iff-  jt!>^tTT**7w  TT^*  fCT^Itfr^T-  EyT*  0ii  jrsT*f>>'?aOli,>U  Wacsm 

wtaXbeSg  dacasgg  acwmcr  aunRtb  feeing  gwiiThTO*  mexm  fe^kgfiir  «g»raO  atsqatet  g£Sic«gwu 
rtkr mwn:"r 3»gtfa«ssaas«o*s.  gfrc giggle Cmara fl aeatf^i flgg26m.  awBim.Satoaaet^  T3fn*c«n *=% 
<g<>KgCTaim<»w<^tSbrdwaK»csae«jgtfd^<gthg<aa<irUMKa<^ssiiggkagiH£  oatfiir  sicw# waiiSfUiwfH' 
^ii=»  3IL2  n*»  SUuE^L  Zfc  £•  aana«=>cic  ttsaci  rjirr  ems«c:  mt>ct»rr  mtn*crr*^*x£>v*r  lsi  rct~- 
+m%nx*czrc.t  OTi  a=s*guc*C  gs  marijc  *gxnfi  ggjgtau  aca£  gs  gunge  ag  S&r  gguutfbaC  <6r»oras  ac 

OtoewSESl 

gh^fc <th*c  g» «6ttOt  aoe  i r»r:rfmTTr ai  gn<r ■awaKSSHg  gSgsratacapesi  2»- 
figafc  <£ggg^ s&afg  wsueussz*  *ct*TOs*sag  gut^anmtwiimigacsGjg^a,  d£s*sr  gbr  zs=zz  j6t^rfrr^ 5*  gags? 
guftrviagts  -»drcz>r  atrr  or.yrrrr.  /fcry  aesr  <tC  are  a«£>fc&cg:  Sttttc^cnaqks  fcpacufic  <ma  assscr  a*  <KKtrpgaesacfo^£Lr 
-ojwfl  mtrx^  £z>c*a me  dSyg^ggncnu  *»&***£: saartrr  <gTgrxar>c£ <6nc^  atrrjnacScg.  agcwacr  a*>£«r  anres 
^»cr^*s=^:  axmrr  mcnzBz:  xz?>mem  £rjra:  u£“  r»  saaafeaafi  Mirffe  SKfiagScau  «*?ErsivX^  <£zrnrq£ 
«aan:  anrsnib*u  iSGnlicr  aer£  r&Tfttwg.  *}f5if^  3^fcufa>*Tl.  SlcxacVEfi &xtSs  acr« taaaaCBy  £e»* 

iTTrjinrracs:  ^san:  ^xa^afc-SaatRf  disics®  fee-  t^Eptwcrhcrat  ggaeaftycSicu 


W&  UMV-U 


tt*U£  <GimwUn 

tCUmstm:  ru^i  —i  nw^1  bsr <**&**£■ *Jn am* (3)%j 

jgyflnwum m> off (ftj)  *%y  sswetaiyjws  qtf armflilftr dhasu  Uni 

<*i#>cs»ctcam«»a£di^gy  wwwrfdtefwifc  < 

gttnn.  g«r  ir— mgtH.  jp;j 

difftgrArtCfk::^  <sfc^ryy.narj<ii^%Mi,w  r*i«»ifcniqg: 

«?***  fkxatyti  itu  ^•mruirr^ 

gawweg  aiR  <mtr  ^^gcxg  j*rtwwfirfjy  <rff  mwasagsfiq>is»3  ««wit6«gp  twC  eSbfc  sdSssas  omx  gate 

*r^~«am*oe*u~*  A  Bsggr «w«c «i  to  8a  mmSMSmt  fe»mowto» 8  aewggsaag «w£ sweS- 
ttitup  ftnng*»atie  <*an»ck*u  (&te  nfimacfir  rr^ww,  q^cncteiRgapefloaoUfic  *»&*- 
^n— intitroanttCTgnL  l^<tt»arthmfi!t^g3»g»^95inat»r»a»  gdwwrf^acdfeiagy,  M o»  jcmoc 


at  j^th*  m«nunraCbjg^  **nfi  s*  aac  awrirmm^jr  £im  imr  —  t&m  d&vrmxwr.  jxtamrrvttmr* 
4flty>oa  stlrnangs  |aSiig»afeJta6  Ansdxft.  0HW«3_ 

•JfgrSd  OT»g>  ad  aMnggp  trmmftfly  an-to  32  *.  fi^nrw^LJL  «a£(^^rmia3aafc<tf 

CD 

•»*«$*%  rnsnsro  3C^„  f^carSgL^SU  rm»y 3sc a—-*hfl fin dirTfyihy  ♦m{ifo^h rffttfrtr <r grXirr®r*s  <cc 
a^}iHca3£jc  St:  a  g*btcn  75sr  SuTTrfwrrw  *Wt»scsm  *Krn>Bi  c3kame& r  zvgfmrw  ms*a*&im8BL 

Se&tmfL  5n  mass*  *»m*m  fie  g»y  3wr  tacoas— gy  as  jgflgcysflsac  3*cpwpcn  cS»e  cig»r»  5rt  a«a>cSE- 
tnJQti  g*b~qg  »MfcS»rg^T»«q^s  as  :3»e  one  Mzmmm  <spcxrrrcnpc  Ss  emfsTrfrneg  stoanc  VSSm&x- 

Ssnr*-  cTT^mr^rrc  c3asr*rarr5s^r-*  <sd  <riftnacbr  rey^sns  5*r  qsSgtas  esgfaaQf  dd  tfignc 
ojgns&ghay  jstc  gfcwro.  arc  msaed  B^Sms 

C_  jugragaesasS  gtogjg^c  gSdgreagsSgrf 8y acn aaaaag  ancscn  3^  ada^saa  32D3C-^xa£a» 
•**££»  .*tn  .*o««3%3  marque  <*d  trerenriuh?  sroeau  <rf  2H)  Gtx>  -8$  3C-c rxcC*,.  A  <dxccS»ciS»3  dSatafic  Sn  * 
S^r^je  tUmd  m**s  snws  eacmtancs  «d  CgrryeraSrrc  5a  a:  "ttcrspca^S*^  gseatu  suata  as  3D-*  C®  fi©-* 
nxttrzb  s*r  stxurS:  SargCnde,  S^<oa®imr«€  dbumaS  and  *ea*trca3  chaoses  5a  prasps^asaon  *rc  cajwsccrf 
s*»  a*o  acr  Cto  cbe  e2C  c£  C&e  Chnacd  5r^.v«  tihe  annn*3  range  <stf  3C^  sa»y  Sac  a*  armca  as 

45U  £♦  ^rti  2C-«nci»  #flo«  s®  ctaaCsaaSasg  c^iecss  cd  arcrSc  oc-  £r«5fica2  saarSfeoe  a£r  ssasscs  «aca 


rrn*x  a»«it  sas^A  Car  ar^a  ticca  car  svesefe  cc  frcca  car  sasCSL 


r,  t^cg^Caaac  Tesrycracc  C^erSaaf  cSac-arccrascd  fey  as  aaasaS  saeaa  3C^  «tf  abosi 
JLCS  “jraCa  a  raCacr  s=a23  aasiaS  rzrjc  cf  — tfccS3y  errao  3C^  cd  20  to  33  3£-s=cs2s- 

Ntx  a  -  ;qpccs  arc  ctc»I3t  locaCc^  £ros  20*  Co  S94*  aorci  ©r  soccSs  la&afit#  acar  cac 

»5irfr  yrmJ&i  -»5acs-  csoostrsxCed  by  saossCassau  carry  soft  canine  air  i=2aas. 
IV#r  i  o^iiiuo  arc  Srpca]  of  ebe  Usdtco  Kiz|5ft=u  Cbc  ores!  coasts  of  Ncrti  Arcrica  and 
t«!fC5«r  asr  :V  wriirtTftrrs  coastal  areas  of  Africa. 

Alsbcwyb  she  islands  of  Japan  He  «tiin  tnis  range  of  latitude  the  climate  differs  in 
sfcewang  a  n^h  greater  annual  range  of  monthly  mean  N^-  a  boat  60  N-csiti.  the  prerailing 
xjads  ha--**  traversed  a  large  land  mass,  and  the  terrain  is  ragged.  One  roald  therefore  not 
t  to  fimt  radio  propagation  conditions  similar  to  those  in  the  United  Kingdom  although 
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*■ 
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ttUr  «wu*3  mwmi  Vm  3KXD  o*>  £21-  3*  *mt3s  m»  fiwsttimv  (TUinurVr  0  ft*  niusr  ajjw 

gBujjpiiicw  tlhu»i*Um*ete  £  an  oh»  «rac*w  ttuc  <tluinh>f  ma^*  H«r  ftnyresmu  ifogaatmuO  attic  qv*.r  m» 
masmm i  ad  .TU^an;  *»»  munifa  a*  $  gasaaciu  og  t#*c  ttin«c  lin  ■ummug,. 

JL  ggiggq^  Tarntpesaor  CW»t»  ggaftscsta  aru£  amcia  asnjsfcs  wlt&  tihr  aacmc  fpcnrsaQ 
aSagahTTtagbscilca  *m  &xtmr  for  oflVnaoe  X  T3grdlkUhnfom;Hacf«  eg  gtaca  rartfoytt&wfi&bofo 
Soufogas  am  for  srrgi.  2m  ggcachrrrf.  eg)  S<c  am  gw/ersca  gacfo  qtSicrsiSsir  aUmanr  £  fi*  usmiL  Ehrrrfof; 
*S*  r^Ktr— -  <rffHT»up?i  fer  ^  ffTT*.T  SstcS&BXt  cs£  t&wtt  SaoseMcntibe  t2tiste£  ^Sryfir?TT^  >uE  rtWr 
Cancth«grt  wgacgx»*)tc  tfctfttr  ghfiat^Ssteai#^Sflc>Siau 

4L  SCarntfotc  Ctxgnihtufi  <riiaftrmrCfig££a^£  5g  am  amtnaS  mwasn  3C^  q£  achats  37ZD 

St-ofoa*  witifc  am  annual  ramgyr  a£  rmmritOy  rmtam  31  an  3D  s»a£D  SC-arnh*.  Suriaaggnaaessnaty 
&*r  amm€  &xm;  adaus  DX~  an  3XT*  ranrsh  asixc  srmfo  raTfnrrfrr..  rrataTny  am  fosGteahs  ruetr  sftie 
xid^dgfogar  rafoy  amgdhy  gmaxnfL  ^Ebcnr  ribc  ramd  gpcft  fig  c£ry  ratffo-dinEas  may  Ba?  gggscis 
5rtr  ax  sagaftficsaSSr  jnfcrs  ad  due  ^tasr^ 

5u  £Cfcstrfo»r  Sbdcragiict3  <tgnrf5&img  oihgcswwg  &s  cgaasaS  ubw  foe  sacrac 

nmgjr  or  BcSaufir  m  gSTmoar  •&_  Tbr  cars®#  for  rbds  <rS£rxaoc  wxr«  baserfi  am  sen  bxadit»E*3ie 

armastnc  ac  oca  amfi  5a»>c  S»t*en  dastisSadi  Id  rbs  sipj^pesSerfl  dras  c&r  omrxies  for  cJHnascs  5  or  4 

be  ta»c^wc3trr^^  -aurnibcxgr  seesos  saira  astrSatagfie  ap  gates  sgaassac  ctttu 

6b.  £&gj»trs.  Sahara  gSaaaxgaargrmc  bx  am  aamia.!!  rrvrarr  3  a£  zbaus  2KD  3C-arfos  «2i 
-  s 

pear-raursrd  *csr2 arum  cgsgSsfosai.  Trir  asssnaS  rag^e  on  rmruxfary  ar>ram  3C^  ras*x  &c  feaea  2® 
an  ©D  3C-agfiaA- 

SurararrS*3-ax  Tra.rn~ar  g£~rraag  -»-rfr.  am  asgaxafl  im»ram  3C  cc  agon  3t^  3C-ag£a»  amrn 

— - -  s 

aomrx3  ram^r  oc  ^  an  3D  3C-crr£a»-  Snrm  c2~=raa**  rmay  be  cb^cmoe^  frcaca  2 B~3£  S®  ZHD^S 
Tatrrrtirte  asm  arc  cbaraxracrrrcn  bgr  rrm^crmnas  beary  ra5m»  an£bz^p  axcra^  »ar=*er  tern- 
tfcraarrca^  T3f^ra3  cmraartraaS  csbra^s  orcar  aSncj  tbe  I*ncry  Cca*S  artfl  ss  Ccnc^o  <cc 
jfiirsra, 

•6.  Ccmrogcrraa  Srbcrccdral  cxjfSc£  by  t±c  Snstn  arm  =aocr®ccm  cHrraaes*  i»rSb  an  arw 
rma2  raras  cf  aboxr  32D  2C-<rr£ls  arm  am  araral  rars^e  c6  69  ta>  ICO  2C-cr£l»,  Trd*  is  a 
bcc  <S5r=ate  -wish  seasccaJ  c%trc=ses  cf  mtn:gr  dror^g  and  s=acr  raimfaaB,  gssally  SocaScc 
fccca  29#  to  43#X  brltost, 

A  ccctoaertal  polar  climate,  tor  -abaca  so  ccrres  are  sboora*  stay  also  be  cefiaed. 

Temperatures  are  Soar  to  moderate  ail  rear  road.  Tae  astral  mean  X  is  abort  310  K- 

s 

traits  tritb  aa  aaaaal  range  of  raorralr  meaa  X^  of  10  to  40  X-aaits.  Under  polar  condi¬ 
tions.  arMch  say  occur  an  middle  latitudes  as  -arell  as  in  polar  regions,  radio  propagation 
*oold  be  expected  to  %hcrx  somewhat  less  variability  than  in  a  continental  temperate  climate. 
Long-term  median  values  of  transmission  loss  are  expected  to  agree  with  the  reference 
values  L 

cr 

High  mountain  areas  or  plateaus  in  a  continental  climate  are  characterized  by  low 
values  of  N's  and  year-round  semiarid  conditions.  The  central  part  of  Australia  with  its 
hot  dry  desert  climate  and  an  annual  range  of  as  much  as  50  to  70  X-units  may  be 
intermediate  between  climates  1  and  6. 


10-7 

F-707 


CEP  3SZ-E 


flam*.  fc»’t 

od mmofimim  $»*><£.  taftmti a^surn^ .  adtftmsr^SnaTimmCig3me- take  mflfacnmsd fadfe0f««mcgy  mmd 
rmflir  cay  gmgsaenfimcfts*  mnscdm^  mmpmmsamgr..  SitsmqmmBt^caB  Mwamto  fig  runS  am dEm- 
t^H*^  flgflimgaft  (rgVmfir  gg^iwi.  HMMwtiBi—  ad  msmEBaMm  fim  mggih  mg  gjkmmm  gtyow 

at^g  g«fl»e^flopgftg  IbBy-qcrnxg*£rr*ncm  <>a«%aw»<»rfa ycm— wag  dy)  mftftrfhfim 

«  fiimnSvii  *d  aru  **.r£5ttfT&*g  ^aowtoc.  ***  d^_  dfaffamd  &*&wr..  Hmwg-aerse  Mbf  time  t&m  xftmtSm » 
hur  trtfettirff&rmc&r  mr^imu  bp  gfiicvnfi  eu  m  mmcf ktm  mC  figure*  mm  m  &gmX$mm  a€  efi^  ffVwr  cwy&mw 
m hwtr*r  41  &as)ge  amawnc  md  dfrea  am  anaSMBtt.  cun*—  mr*  yr  emerged  tfbmc  steer  £n^scscy- 
e*a*C4d*SDnnmu  gSjrmmwral  atnfe  &xxntm&  gteaym  teic  gpnes  fee  mammae  S 5  5mr  a  cmmtfcscssaa  Been- 
3*sr*C«  irfSareceu]) 

BCD^S  Hte  iTr5rtc£ne  gjcmamnrr^  <£ 

* 

gjggg£rftca3  gjrf.ntvt  of  Bmfqg-aerac  gimmmr  fte&qg  drjerpd  ma  met  egmafone  drmramre.  <£^ 

5mm  toco  fimetd  mugmsrasg-  sa>  «5er  gmgaapeflerm  »a&  am  gmrffc  Seays*  agytSar  fitaaeft. 
c&Kamrc  Bcsweca  maasaS  teetemmu  «r  demoagge  fresawrex  ttemrcsicmE  tegjcmmm  mtr  a.  mmser^ 
«*rA.  US*:  cSertmms  d&mcsencc  esteem  tSMscc  Sac-  cSexasve  ttfewt  tedjkem  mad  mmsam  m3- 
Bmma  Tire  asvr  freynracy- 

Hht£me  •  mm  s te  maysSmr  dEmcaeacc  vocre  daSsmctSsiE  aad  fisrmard  taatg  traxmrrss- 

m3 

m&ptB  Homo  arc  mgyramdamtcBy  cycaB  merer  m  tattfe  cartSi  <sc  cfltfljie  rm&xm  m  =  3tt&$  Be Sm- 

meserau  aa£  define  <fl  mm  *©J©  @  «  Hamas: 

m3  ms 

£  *  taiV5Q!&  fc=.  110-11 

ms 

The  pari  SrrgAu  <£-  is  ccenpared  mi£fe  the  mass  of  d^  aal  the  mmomeb-earth  distances 
e«  ebr*  radio  Saarixocs: 


<5.  =  3vE~  r  3^E  ka.  (10. 2) 

2.  ce  re 

*iere  the  effective  as^sa  heights  mad  b  ^  are  expressed  is  meter*  and  the  radio 

frequency  f  is  3£r2x . 

It  ha*  bee a  observed  that  the  loaf -term  variability  f  hourly  mediant  is  greatest  on 
the  average  for  values  of  d  only  slightly  greater  than  the  sum  of  d^  and  .  The  ef¬ 
fective  distance  d^  is  arbitrarily  defined  as: 

for  d^d  +d  .  d  =  130  d/(d_  4  d  )  km  (10.3a) 

L  «i  e  L  91 

for  d  >  d^  +  d^  d^  =•  130  +  d  -  (d^  4  d^)  km*  (10.  3b) 
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‘IfSar  FamEtSsnss  Y(£SL5u  dM)  amf  Y&&.  <flj& 

THhe  ggsdbrseaE  Trrerfrarn  Stag-tcxas  cra-rrer^ saotm  Boss  f*r  a  given  orferarur  regisx  JL.  fi®-  % 

x 

*2&s9a3*s£Mm&  Sy  »  mats^g  x„  £s  re&aacd  ca  c3*  caBcxEssed  Bseg-ftysni  reference  vaBxc  £-^ 

Hy  rmcsrrs  of  cftc 5mct&»x  Vp-&.  dj} 

£.£©-5S~lL  -V  @D.&a*  <&>  (£©-40 

x  <cx  x  e 

w&cr*  fis  t5e  predSccrd  txsasmussfax  Ssm  exceeded  by  &*H  «d  aB  ftoorBy  medra-Ts 

fix a  gfrnex dsgasfi&g  rcgficu  V  £©-5w  d  1  £*  sSsssrb  ex  Sgrrc  I©-  13  fax  several  cBmares  25  a 

x  e 

feB^rfta*  «£*«£« *****  4e. 

afaermaett*  fin  a  redeye  rare  csegfineaceS  cHnsarew  VJO-Sj)  =  ©  and  £{©..  5)  =  2-^  -  *12  ©tier 

^  ^c^^E^-=e===^«mce^*  ®cr  tie «*« 

2-  (pL  55  s<ar  the  garr:.rx?aT  cBaastfc  region  ex  cfime  pexficd  ceeefidexedL.  TTae  fcesctSoo  Ff  #d5 
x 

fix  c3ae  scatter  gxedf-rtfjga  cc  a  Isrrg-terna  reference  -redan  ccctasas  ax  empirical  adjsssaaentt 
c®  i dsta-  'Fee  ceres  V(©-  5w  d^|  provides  a  further  adjustment  r©  data  for  all  propagation  meefea— 
afisesa  sad  fax  Offerees  climatic  rcgiccs  and  period*  cd  eime- 

2s  general*  tie  erasers:  **far.  Ices  sec  exceeded  fer  a  fraction  q  of  bocrly  reciart  is 


V  (qj  =  i.  (0-55  -  Y  (c,  d  )  db  (10- 5J 

x  a  a  e 

where  Y  (c*  d  )  is  the  varsaxliy  of  L  (cj  relative  to  its  locg-terx  median  rake  i  (0-5)- 
x  e  a  a 

For  s  specified  climatic  region  and  a  gives  effective  distance,  the  cumulative  distribution  of 
transmission  loss  may  be  obtained  from  {10. In  a  continental  temperate  climate  trans¬ 
mission  loss  Is  often  nearly  log-normally  distributed.  The  standard  deviation  may  be  as 
much  ss  twenty  decibels  for  snort  transhorixen  paths  where  the  mechanisms  of  diffraction 
and  forward  scatter  are  about  equally  important-  When  a  propagation  path  in  a  maritime 
temperate  climate  is  over  water,  a  log-normal  distribution  may  be  expected  from  1(0. 5) 
to  1^0-999)  .  but  considerably  higher  fields  are  expected  for  small  fractions  of  time  when 
pronounced  super  refraction  and  ducting  are  present- 
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10-5  CitdaMttl  Tmpcrate  CHmtta 

Silt  from  the  D-5.A-,  West  Garmasy,  tad  Fraace  provldt  As  tests  lor  prcdictiag 
laag-tarm  pa  war  Mag  Is  s  cosHsemtsl  tampaxatc  clinsalc.  Mors  that  half  s  mftlUos  hourly 
mtWss  val scs  of  basic  trossmlsslss  loss  racordtd  over  some  too  huadftd  paths  were  used 
Is  developing  these  catfmataa. 

Figure  10- 14  shows  basic  estimates  Y{%  100  A  Hr)  of  variability  la  a  continental 
temperate  climate-  Carves  are  draws  for  fractions  -C. lead  0.9  of  all  hours  of  the  day  for 
summer,  winter  and  aU  year  for  a  "typical"  year.  la  the  northers  temperate  none,  "summer” 
calends  from  May  through  October  sad  "winter”  from  November  through  April. 

A  "frequency  factor”  gfq.  f)  shown  in  figure  10. 15  adjusts  the  predicted  variability  to 
allow  for  frequency-related  effecta: 

Y(q)  =  Y(q,  d^.  100  MHx)  g (q.  f)*  (10.6) 

The  function  g(q,  f)  shows  a  marked  increase  In  variability  aa  frequency  ia  increased  above 
100  MHs  to  a  maximum  at  400  to  500  MHs .  Variability  then  decreases  until  values  at  1  or 
2  GHs  are  similar  to  those  expected  at  100  MHs .  The  empirical  curves  g(q,  f )  should  not 
be  regarded  as  an  estimate  of  the  dependence  of  long-term  variability  on  frequency,  but  rep¬ 
resent  only  an  average  of  many  effects,  some  of  which  are  frequency-sensitive.  The  apparent 
frequency  dependence  is  a  function  of  the  relative  dominance  of  various  propagation  mecha¬ 
nisms,  and  this  in  turn  depends  on  climate,  time  of  day,  season,  and  the  particular  types  of 
terrain  profiles  ijr  which 'data  are  available.  For  example,  a  heavily  forested  low  altitude 
path  will  usually  show  greater  variability  than  that  observed  over  a  treeless  high  altitude 
prairie,  and  this  effect  is  frequency  sensitive.  An  allowance  for  the  year-to-year  variability 
is  also  included  in  g(q,  f)  .  Data  summarised  by  Williamson  et  aL[  1960]  show  that  L{0.  5) 
varies  more  from  year  to  year  than  Y(q)  .  Assuming  a  normal  distribution  of  L  within  each 
year  and  of  L(0.  5)  from  year  to  year,  L  would  be  normally  distributed  with  a  median  equal 
to  L(0. 5)  for  a  n typical"  year.  Y(q)  is  than  increased  by  a  constant  factor,  which  '\as  been 
included  in  g(q,  f)  . 

Estimates  of  Y(0. 1)  and  Y(0.9)  are  obtained  from  figures  10. 14,  10. 15  and  from  equa¬ 
tion  10.6.  These  estimates  are  used  to  obtain  a  predicted  cumulative  distribution  using  the 
following  ratios: 

Y(0.0001)  =  3.33  Y(0. 1)  Y(0.9999)  =  2.90  Y(0,9) 

Y{0.001)  *  2.73  Y(0.1)  Y{0.999)  =  2f41Y{0,9)  00,7) 

Y(0.01)  =  2, 00  Y(0. 1)  Y(0. 99)  =  1.82Y(0,9) 

For  example,  assume  i  3  100  MHz,  d^  =  112  km,  and  a  predicted  reference  median 
basic  transmission  loss,  =  179  db,  so  that  V(0.5,  d^)  =  0.9  db,  (figure  10. 13), 

Y{0 .  1,  d^,  100  MHz)  -  8.  1  db,  and  Y(0.9,  dft.  100  MHz)  =  -5.8  db,  (figure  10.  14),  g(0.  1,  f)  = 
g(0. 9,  f)  =  1.05  (figure  10.  15).  Then  Y(0.  1)  =  1. 05  Y(0.  1,  d  ,  100  MHz)  =  8.  5  db,  and 
Y(0.9)  =  1.05  Y(0.9,  d^,  100  MHz)  =  -6.1  db  .  Using  the  ratios  given  above: 
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Y(O.OOOl)  =  ZS.S.  Y{0.001)  =  23.  i.  Y(0.01)=8.5, 

# 

Y(0. 9999)  *  -17.7.  Y(0.999)  =  -14.7.  Y(0.99)  =  -11.1.  Y(0.9)  =  -6.1. 

The  median  value  is 

Lb(0.  5)  =  -  V(0. 5)  *  178. 1  db 

and  the  predicted  distribution  of  basic  transmission  loss  is; 

L(0.0001)  =  149.8.  L(0.001)  =  154.9,  L(0.01)  =  161.1,  L(0.  1)  =  169.6,  L(0.  5)  s  178.1, 

L{0.9)  =  184.2,  L{0. 99)  =  189.2.  L(0. 999)  =  192. 8  and  L(0. 9999)  =  195.  8  db. 

These  values  are  plotted  as  a  function  of  time  availability,  q,  on  figure  10.  16  and  show 
a  complete  predicted  cumulative  distribution  of  basic  transmission  loss. 

For  antennas  elevated  above  the  horizon,  as  in  ground-to-air  or  earth-to-space  com¬ 
munication,  less  variability  is  expected.  This  is  allowed  for  by  a  factor  f ( 9  )  discussed  in 

h 

annex  HI.  For  transhorizon  paths  f(0. )  is  unity  and  does  not  affect  the  distribution.  For 

n 

line-of-sight  paths  1(0^)  is  nearly  unity  unless  the  angle  of  elevation  exceeds  0,  15  radians. 

Allowance  must  sometimes  be  made  for  other  sources  of  power  fading  such  as  atten¬ 
uation  due  to  rainfall  or  interference  due  to  reflections  from  aircraft  that  may  not  be  ade¬ 
quately  represented  in  available  data.  For  example,  at  microwave  frequencies  the  distribu¬ 
tion  of  water  vapor,  oxygen,  rain,  snow,  clouds  and  fog  is  important  in  predicting  long-term 

power  fading.  Let  Y  ,  Y?  —  -  Y  represent  estimates  corresponding  to  each  of  these 
i.  c  n 

sources  of  variability,  and  let  p  be  the  correlation  between  variations  due  to  sources  i 
and  j  .  Then  the  total  variability  is  approximated  as: 


in 

*iVu 


where  Y(q)  is  positive  for  q<0.5,  zero  for  q=0.5,  and  negative  for  q>0.5.  Section  3 

shows  how  to  estimate  Y^(q)  and  Y^(q)  for  atmospheric  absorption  by  oxygen  and  water 

vapor,  and  for  rain  absorption  respectively.  Let  p  be  the  correlation  between  variations 

Y  of  available  data  and  variations  Y^  due  to  microwave  absorption  by  oxygen  and  water 

vapor.  Let  p  be  the  correlation  between  Y  and  Y  .  Assuming  that  p  =  1,  p  =0  5, 
ir  r  rja  Mr 

and  p  =0, 

Kar 

Y2(q)  =  (Y  +  Y  )2  +  Y2  +  Y  Y  •  (10.9) 

»  r  r 


This  method  was  used  to  allow  for  the  effects  of  rainfall  at  frequencies  above  5  GHz  for 
fractions  0.99  and  0.9999  of  all  hours  in  figures  1.6  to  I.  11  of  annex  I. 
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Figures  10.  17  to  10.22  show  variability,  Y(q)  about  the  long-term  median  value  as  a 
function  of  for  period  of  record  data  in  the  following  frequency  groups;  40-88,  88-108, 
108-250,  250-450,  450-1000,  and  >  1000  MHz.  The  curves  on  the  figures  show  predicted 
values  of  Y(q)  for  all  hours  of  the  year  at  the  median  frequency  in  each  group.  These  me¬ 
dians  are:  47.1,  98.7,  192.8,  417,  700,  and  1500  MHz  for  data  recorded  in  a  continental 
temperate  climate.  Equation  (10.6)  and  figures  10,  14  and  10.  15  were  used  to  obtain  the 
curves  in  figures  10.  17  to  10. 22, 

An  analytic  function  fitted  to  the  curves  of  V(0.5,  d^)  and  Y(q,  d^,  100  MHz)  is  given 
in  annex  III.  Diurnal  and  seasonal  variations  are  also  discussed  and  functions  listed  to  pre¬ 
dict  variability  for  several,  times  of  day  and  seasons, 

10.6  Maritime  Temperate  Climate 

Studies  made  in  the  United  Kingdom  have  shown  appreciable  dlfferences~tt¥tween  propa¬ 
gation  over  land  and  over  sea,  particularly  at  higher  frequencies.  Data  from  maritime 
temperate  regions  were  therefore  classified  as  overland  and  oversea,  where  oversea  paths 
are  categorized  as  having  the  coastal  boundaries  within  their  radio  horizons.  Paths  that  ex¬ 
tend  over  a  mixture  of  land  and  sea  are  included  with  the  overland  paths. 

The  data  were  divided  into  frequency  groups  as  follows; 

Bands  1  and  II  (40-100  MHz) 

Band  III  (150-250  MHz) 

Bands  IV  and  V  (450-1000  MHz) 

Long-term  variability  of  the  data  for  each  path  about  its  long-term  median  value  is  shown  as 
a  function  of  effective  distance  in  figures  10,23  to  10,28,  Curves  were  drawn  through 
medians  of  data  for  each  fraction  of  time  qs  0.0001,  0.001,  0.01,  0.  L  -.1.9,  0.99,  0.999, 
0.9999,  Figures  10.23  to  10,28  show  that  It  is  not  practical  to  use  a  formula  like  (10.6) 
for  the  maritime  temperate  climate,  because  the  frequency  factor  g(q,  f)  is  not  independent 
of  d^ ,  as  it  is  In  the  case  of  the  continental  temperate  climate.  The  importance  of  tropo¬ 
spheric  ducting  in  a  maritime  climate  is  mainly  responsible  for  this  difference. 

These  figures  demonstrate  greater  variability  oversea  than  overland  in  all  frequency 
groups.  The  very  high  fields  noted  at  UHF  for  small  fractions  of  time  are  due  to  per 
•  latent  layers  and  ducts  that  guide  the  radio  energy.  In  cases  of  propagation  for  great  dis¬ 
tances  over  water  the  fields  approach  free  space  values  for  small  fractions  of  time.  Curves 
have  been  drawn  for  those  distance  ranges  where  data  permitted  reasonable  estimates. 

Each  curve  is  solid  where  it  is  well  supported  by  data,  and  is  dashed  for  the  remainder  of 
its  length. 
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10.7  Other  Climate* 

A  limited  amount  of  data  available  from  other  climatic  regions  has  been  studied.  [  CCIR 
1963f].  Curves  showing  predicted  variability  in  several  climatic  regions  are  shown  in  annex 
IIL  figures  m.  25  to  HI.  29. 

At  times  it  may  be  necessary  to  predict  radio  performance  in  an  area  where  few  if  any 
measurements  have  been  made.  In  such  a  case,  estimates  of  variability  are  based  on  what- 

*  i 

aver  is  known  about  the  meteorological  conditions  in  the  area,  and  their  effects  on  radio  propa¬ 
gation,  together  with  results  of  studies  in  other  climatic  regions.  If  a  small  amount  of  radio 
data  is  available,  this  may  be  compared  with  predicted  cumulative  distributions  of  transmis¬ 
sion  loss  corresponding  to  somewhat  similar  meteor clogical  conditions.  In  this  way  estimates 
for  relatively  unknown  areas  may  be  extrapolated  from  what  is  known. 

10.8  Variability  for  Knife-Edge  Diffraction  Paths 
The  variability  of  hourly  medians  for  knife-edge  diffraction  paths  can  be  estimated  by 
considering  the  path  as  consisting  of  two  line-of-sight  paths  in  tandem.  The  diffracting  knife- 
edge  then  constitutes  a  common  terminal  for  both  line-of-sight  paths.  The  variability  of 
hourly  median  transmission  loss  for  each  of  the  paths  is  computed  by  the  methods  of  this  sec¬ 
tion  and  characterised  by  the  variability  functions 

V1(q)  =  V1(0.5)  +  Y^q)  db 

V2(q)  =  V2(0.5)  +  Y2(q)  db 

During  any  particular  hour,  the  total  variability  function  V  for  the  diffraction  path  would  be 
expected  to  be  the  sum  of  V.  plus  V?  .  To  obtain  the  cumulative  distribution  of  all  values 
of  V  applicable  to  the  total  path  a  convolution  of  the  individual  var'iables  and  \r2  may 
be  employed  [  Davenport  and  Root,  1958] . 

Assuming  that  V  and  V  are  statistically  independent  variables,  their  convolution 
1  c 

is  the  cumulative  distribution  of  the  variable  V  =  +  V2  .  The  cumulative  distribution  of 

V  may  be  obtained  by  selecting  n  equally-spaced  values  from  the  individual  distributions 

of  V  (q)  and  VJq),  calculating  all  possible  sums  V,  =  V  +  V  .  and  forming  the  cumu- 
1  2  x  i  i  2  J 

lative  distribution  of  all  values  obtained  in  this  manner. 

Another  method  of  convolution  that  gives  good  results  requires  the  calculation  and 
ordering  of  only  n,  instead  of  n2 ,  values  of  V.  As  before  V^q)  and  V2(q)  are  obtained 
for  n  equally  spaced  percentages.  Then  one  set  is  randomly  ordered  compared  to  the  other 
so  that  the  n  sums  V  =  +  V2  are  randomly  ordered.  The  cumulative  distribution  of 

these  sums  then  provides  the  desired  convolution  of  and  If  the  distribution  of 

V  -  V  is  desired  this  is  the  convolution  of  V  and  -V  . 

12  X  c 

Computations  required  to  estimate  long-term  variability  over  a  knife-edge  diffraction 
path  are  given  in  the  example  described  in  section  7.  5. 
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Figure  10.10 
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POWER  FADING  ADJUSTMENT  FACTOR  g(q,f) 
BASED  ON  U.S.  OVERLAND  DATA 
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12.  LIST  OF  SYMBOLS  AND  ABBREVIATIONS 

In  the  following  list  the  English  alphabet  precedes  the  Greek  alphabet,  and  lower-case 
letters  precede  upper-case  letters.  As  a  general  rule,  upper-case  letters  have  been  used  for 
quantities  expressed  in  decibels,  for  example  w^  is  transmitter  power  in  watts,  and  is 
transmitter  power  in  decibels  above  one  watt.  When  the  upper-case  symbol  is  the  decibel  equiva¬ 
lent  of  a  lower-case  symbol  thsy  are  usually  listed  together.  Symbols  that  are  used  only  in  an 
annex  are  defined  at  die  end  of  the  appropriate  annex,  in  Volume  2. 

Sometimes  a  symbol  may  be  used  in  quite  different  contexts,  in  which  case  It  is  listed  for 
each  separate  context.  Subscripts  are  used  to  modify  the  meaning  of  symbols.  The  order  Is: 

1 .  Symbol  without  a  subscript  h 

2.  Symbol  with  a  subscript,  (letter  subscripts  in  alphabetical  h^ 

order  followed  by  number  subscripts  in  numerical  order) . 

3.  Symbol  as  a  special  function.  h(x) 

4.  Abbreviations.  ht 

Following  each  definition  an  equation  number  or  section  number  is  given  to  show  the  term 
In  its  proper  context.  Where  applicable,  reference  is  made  to  a  figure. 

Throughout  the  report,  logarithms  are  to  the  base  10  unless  otherwise  noted, 
a  Effective  earth's  radius,  allowing  for  average  radio  ray  bending  near  the  surface  of  the 

earth.  (4.4)  figure  4,2. 

a  An  equivalent  earth's  radius  which  is  the  harmonic  mean  of  the  radii  a  and  a  ,  (7. 10). 

e  t  r 

a^  The  radius  of  a  circular  arc  that  Is  tangent  to  the  receiving  antenna  horizon  ray  at  the 

horizon,  and  that  merges  smoothly  with  the  corresponding  arc  through  the  transmitting 
antenna  horizon.  (8.9)  figure  8.7.  , 

a^  Effective  earth's  radius  factor  corresponding  to  D^.  (8.15). 

a^  Radius  of  a  circular  arc  that  is  tangent  to  the  transmitting  horizon  ray  at  the  horizon, 

and  that  merges  smoothly  with  the  corresponding  arc  through  the  receiving  antenna 
horizon.  (8.9)  figure  8.7. 

a^  The  axial  ratio  of  the  polarization  ellipse  of  a  plane  wave.  (2.  11). 

*xr  The  axial  ratio  of  the  polarization  ellipse  associated  with  the  receiving  pattern  (2. 11). 

aQ  The  actual  earth's  radius,  usually  taken  to  be  6370  kilometers.  (4.4). 

a^  Radius  of  the  circular  arc  that  is  tangent  to  the  transmitting  antenna  horizon  ray  at  the 

horizon,  and  that  passes  through  a  point  h  kilometers  below  the  transmitting  an¬ 
tenna.  (8.8)  figure  8,7, 

a^  Radius  of  the  circular  arc  that  is  tangent  to  the  receiving  antenna  horizon  ray  at  the 

horizon,  and  that  passes  through  a  point  h  kilometers  below  the  receiving  an¬ 
tenna.  (8.8)  figure  8,  7. 
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Attenuation  relative  to  free  apace*  expreaeed  In  decibels*  defined  as  the  basic  trans¬ 
mission  loss  relative  to  that  In  free  space*  (2.20). 

The  long-term  median  attenuation  of  radio  waves  due  to  atmospheric  absorption  by 
oxygen  and  water  vapor*  section  3. 


A  For  transhorizon  paths*  A 
at  ^  a 


A  +  A  *  the  sum  of  the  absorption  from  the  trains - 

at  ar 


A(vf  0) 
A(v*  p) 

A(0.  p) 
B 


mitter  to  the  crossover  of  horizon  rays  and  the  absorption  from  the  crossover  of 
horizon  rays  to  the  receiver*  section  3. 

Total  absorption  attenuation  within  a  cloud,  (3.13). 

Total  absorption  due  to  rainfall  over  a  given  path*  (3. 7). 

Hats  of  attenuation  through  woods  in  full  leaf*  (5. 18). 

Diffraction  attenuation  relative  to  free  space  at  an  angular  distance  0=0  over  a 
smooth  earth*  section  9.2. 

Attenuation  relative  to  free  space  as  a  function  of  the  parameter  v,  (7.  2)  figure  7. 1. 
Diffraction  attenuation  relative  to  free  space  for  an  Isolated  perfectly  conducting 
rounded  obstacle,  (7.7),  figure  7.  3. 

The  diffraction  loss  for  0  =  0  over  an  obstacle  of  radius  r,  (7.7)  figure  7.4. 

The  parameter  B(K,  b)  corresponding  to  the  effective  earth's  radius  a  ,  (8.15). 


B  ,  B 
01  02 
B  ,  B 


ot 


or 


B' 


B.  ,  Values  of  the  parameter  B(K,  b)  that  correspond  to  values  of  K  ,  (8.13). 

1 1  2,  t,  r  1*  2,  t,  r 

Defined  by  (8.2),  (8. 13)  and  (8. 15)  as  the  product  of  several  factors,  combined  for 
convenience  in  computing  diffraction  attenuation. 

Any  point  along  the  great  circle  path  between  antenna  terminals  A  and  B,  figure  6.  3. 

B(K,  b  *)  A  parameter  plotted  in  figure  8.3  as  a  function  of  K  and  b*,  (8.2). 

c  Free  space  velocity  of  radio  waves*  c  =  299792.  5  ±  0.  3  km/ sec. 

C  (K  jb  ")  A  parameter  used  in  calculating  diffraction  attenuation,  (8.  1)  figure  8.4. 

C  (K  ,  b*)f  C  (K  ,  b*)  The  parameter  C  (K,  b*)  corresponding  to  K  and  K  ,  also  written 

1112  1  1  2 

CjtKj)  and  Cjd^).  (8.11). 

C. (K  )  The  weighted  average  of  value,  of  C  (K  ,  b*)  and  C.(K7,b*),  (8.11). 

11,2  11  12 

CCIR  International  Radio  Consultative  Committee. 

d  Great  circle  propagation  path  distance,  measured  at  sea  level  along  the  great  circle 

path  determined  by  two  antenna  locations,  A^  and  A^ ,  figure  6.  1. 
d  Clearing  depth  in  meters,  defined  as  the  distance  from  the  edge  of  woods  to  the  lower 

antenna  along  a  propagation  path,  (5. 19), 

d  Effective  propagation  path  distance,  a  function  of  d,  f  ,  h  ,  and  h  ,  section  10.  1, 

e  r  me  te  re 


and  d.  , 
Lr  Lt 


In  section  10,  d^  is  defined  for  a 


Lr'  Lt 


(10.3). 

The  sum  of  the  horizon  distances  d 
smooth  spherical  earth  of  radius  9000  km ,  ( 10. 2)  and  (10.3). 

Great  circle  distances  from  the  receiving  and  from  the  transmitting  antennas  to  the 
corresponding  horizons,  figure  6.  1. 
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Distance  between  the  receiving  or  transmitting  antenna  horizon  and  the  crossover  of 
horizon  rays  as  measured  at  sea  level,  (6.20). 

If  0  or  0  is  negative,  d*  or  d*  is  computed  (6.23)  and  substituted  for  d 
or  ox  sr  st  sr 

or  d^  in  reading  figure  6.9. 

The  theoretical  distance  where  diffraction  and  scatter  fields  are  approximately  equal 
over  a  smooth  earth,  (10.1). 

The  greatest  distance  for  which  the  attenuation  relative  to  free  space  is  zero,  (5. 10). 
Distance  from  the  transmitting,  or  the  refcelving  antenna,  to  the  crossover  of  horizon 
rays,  measured  at  sea  level,  figure  6. 1. 

Great  circle  distance  from  one  antenna  of  a  pair  to  the  point  of  reflection  of  a  re¬ 
flected  ray,  figure  5.1. 

Decibels  =  10  log^  (power  ratio)  or  20  logln  (voltage  ratio).  In  this  report,  all 


10 


logarithms  are  to  the  base  10  unless  otherwise  stated. 

Decibels  above  one  microvolt  per  meter. 

Decibels  above  one  watt. 

Divergence  coefficient,  a  factor  used  to  allow  for  the  divergence  of  energy  due  to  re¬ 
flection  from  a  convex  surface,  (5.2). 

Diameter  of  a  parabolic  reflector  in  meters,  (2.7). 

Great  circle  distance  between  transmitting  and  receiving  horizons,  (6.  17),  figure  6.  1. 

A  function  of  d  ,  d  used  in  computing  diffraction  loss,  (8.16),  figure  8.8. 

st  sr  ^ 

The  positive  to  negative  amplitude  of  the  cross-polarized  vector  component  and  of 
the  principal  polarization  component  e  of  a  complex  polarization  vector  £,  section 
2. 3  and  annex  II. 

A  complex  vector  e  =  e  +  ie  ,  section  2,3  and  annex  II. 

-pc 

Radio  wave  frequency  in  megahertz  (megacycles  per  second). 

A  function  used  in  computing  path  antenna  gain,  defined  by  (9.  13)  figure  9.7. 

The  correction  term  F  allows  for  the  reduction  of  scattering  efficient)  at  great 
o  o 

heights  in  the  atmosphere,  (9.  1)  and  (9.7). 

F(Xj),  F(x^)  Functions  used  in  computing  diffraction  attenuation,  (8.  1)  and  figures  8.5  and  o. 
F(6d)  The  att.nuaticn  function  used  in  calculating  median  basic  transmission  loss  lot  aUei 
paths,  (9. 1)  figures  9. 1,  and  HI.  11  to  HI.  14. 

g  ,  c  ,  G  ,  G  Maximum  free  space  directive  gains  for  the  receiving  and  transmitting  anti  nn<ts 
°r  t  r  t 

respectively,  Gf  =  10  log  g^  db,  G t  =  10  log  db,  section  2.2. 

Directive  gain  factors  defined  for  each  antenna  in  the  direction  of  the  point  of  ground 
reflection,  (5.1). 

The  maximum  value  of  the  operating  gain  of  a  receiving  system,  (V.7). 

The  directive  gain  for  one  antenna  in  the  direction  of  the  other,  section  5.  1. 

The  directive  gain  of  the  transmitting,  and  receiving  antennas,  each  in  the  direction 
of  the  other,  assuming  matched  antenna  polarizations,  (5.  1). 


g:-> 


g 


TZ 
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g(p,  f )  A  frequency  factor  used  to  adjust  predicted  long-term  variability  to  allow  for 

frequency-related  effects,  (10.6)  figure  10.3. 

g^r),  G^(r)  Free  space  directive  gain  of  the  transmitting  antenna  in  the  direction  ? ,  see  also 
g^(r)#  Gt(*)  =  10  log  g^(r)  db,  section  2.2. 

g^  Power  gain  of  a  transmitting  antenna  when  the  power  Input  to  the  antenna  terminals 

is  w^  watts,  section  2.2. 

g^(r),  G^(r)  Power  galn.of  a  transmitting  antenna  in  the  direction  r ,  G^(r)  =  10  log  g^(r)  db, 
section  2.2. 


G 

G 

P 


The  maximum  free  space  directive  gain  relative  to  an  isotropic  radiator  (2.5). 
Path  antenna  gain,  the  change  in  transmission  loss  or  propagation  loss  if  hypothet¬ 
ical  loss-free  isotropic  antennas  with  no  orientation,  polarisation,  or  multipath 
coupling  loss  were  used  at  the  same  locations  at  the  actual  antennas,  (2. 14). 

Path  antenna  gain  in  free  space,  (2. 17). 

Path  antenna  power  gain,  (2. 14). 

Residual  height  gain  function,  figure  7. 1. 


G^(r)  Power  gain,  in  decibels,  of  a  receiving  antenna,  (2.4). 

GthjhGth^)  The  function  G(h)  for  the  transmitting  and  receiving  antennas,  respectively, 
(7.5). 


G(?)  Directive  gain  of  an  antenna  in  the  direction  r  .  The  maximum  value  of  G(r)  is 


G,  section  2,2. 


G^(r)  Directive  gain,  in  decibels,  of  a  receiving  antenna  in  the  direction  r,  (2.4). 

G(x  )  A  function  used  in  computing  diffraction,  (8. 1)  figures  8.5  and  8.6. 
o 

GHz  Radio  frequency  in  gigacycles  per  second. 

h  Height  above  the  surface  of  the  ground  as  used  In  (3. 10),  (3. 12). 

h  Height  referred  to  sea  level. 

h^  Equidistant  heights  of  terrain  above  sea  level,  (5. 15),  (6. 10). 

h^r*  Height  of  the  receiver  or  transmitter  horizon  obstacle  above  sea  level,  (6. 15), 

hQ  Height  of  the  intersection  of  horizon  rays  above  a  straight  line  between  the  antennas, 

determined  using  an  effective  earth1*  radius,  a,  (9.3b)  and  figure  6. 1. 

h  ,  h  The  height  h  or  h  is  defined  as  the  height  of  the  receiving  or  transmitting  an- 
r  t  r  t 

tenna  above  the  average  height  of  the  central  80%  of  the  terrain  between  the  an¬ 
tenna  and?its  horizon,  or  above  ground,  whichever  gives  the  larger  value,  (6.11). 

h  ,  h  Effective 'height  of  the  receiving  or  transmitting  antenna  above  ground,  For  h  ,  h 
re  te  r  t 

less  than  one  kilometer  h  =  h  ,  h  =  h  .  For  higher  antennas  a  correction  Ah 
re  r  te  t  6 

is  used,  (6.  12). 

hf#,  h^  Height  of  the  receiving  antenna  or  transmitting  antenna  above  sea  level,  figure  6. 1, 
(6. 11),  (6. 15). 

h#  Elevation  of  the  surface  of  the  ground  above  mean  sea  level,  (4.3). 

h^  The  heights  above  sea  level  of  evenly  spaced  terrain  elevations  between  the  trans¬ 

mitter  and  its  horizon.  (6.11). 
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Height  of  the  crossover  of  horizon  rays  above  a  straight  line  between  the  trans- 

mltter  and  receiver  horizon  obstacle*,  (9.7)  figure  6.1. 

h  ,  h  Heights  of  antenna  terminals  1  and  2  above  the  surface  of  the  earth,  figure  5. 1. 

h* ,  V  Heights  of  antenna  terminals  1  and  2  above  a  plane  tangent  to  a  smooth  earth  at 

X  £ 

the  bounce  point  of  a  reflected  ray,  (5.8). 

Average  height  above  sea  level,  (5. 15). 

Average  height  of  the  transmitting  antenna  above  the  central  80%  of  terrain  be¬ 
tween  the  transmitter  and  its  horizon,  (6. 11). 
h.,  h  Normalized  height*  of  the  transmitting  and  receiving  antennas,  (7.6). 

1  v 

h(x)  A  straight  line  fitted  by  least  squares  to  equidistant  heights  above  sea  level,  (5. 15) 

h(0),  h(d)  Height  above  sea  level  of  a  smooth  curve  fitted  to  terrain  visible  to  both  antennas, 
and  extrapolated  to  the  transmitter  at  h(0).  and  the  receiver  at  h(d)  ,  (5. 17).  ^ 
h^(x^)  A  series  of  equidistant  heights  above  sea  level  of  terrain  visible  to  both  antennas, 
section  5. 1. 

Hq  The  frequency  gain  function,  discussed  in  section  9. 2. 

<  1),  HQ(q^  =  1)  Value  of  the  frequency  gain  function,  Hq,  where  the  parameter 
is  less  than  or  equal  to  one,  respectively,  (9.6), 

=  0)  The  frequency  gain  function  when  3  O'  which  corresponds  to  the  assumption  of  a 
constant  atmospheric  refractive  index,  figure  9. -5, 

Hz  Abbreviation  for  hertz  s  cycle  per  second, 

K  A  frequency-dependent  coefficient,  (3.8). 

K  A  parameter  used  in  computing  diffraction  attenuation,  K  is  a  function  of  the  ef¬ 

fective  earth's  radius,  carrier  frequency,  ground  constants,  and  polarization, 
figure  8.  1  and  annex  HI.  4. 

Kj  A  frequency  and  temperature-dependent  attenuation  coefficient  for  absorption 

within  a  cloud,  (3. 13)  and  table  3, 1. 

K  .  K^,  Values  of  the  diffraction  parameter  K  for  corresponding  earth's  radii 

a  ,  a  ,  a  ,  a  ,  a  ,  (8.8)  to  (8. 13). 

1  £  r  s  t 

K(a),  K(8497)  The  diffraction  parameter  K  for  an  effective  earth's  radius  a,  and  for 
a  =  8497  km. 

K(f  )  A  frequency-dependent  coefficient  used  in  computing  the  rate  of  absorption  by 
U  HZ 

rain,  (3.9a)  and  figure  3.8. 

i  ^  ,  L  The  effective  loss  factor  for.  a  receiving  antenna,  or  the  reciprocal  of  the  power 

receiving  efficiency,  (2.3),  L  =10  log  t  db. 

er  er 

i  .  L  Tne  effective  loss  factor  for  a  transmitting  antenna,  (2,3),  L  =10  log  i  db. 
et  et  et  °  et 

L  Transmission  loss  expressed  in  decibels,  (2,2),- 

Basic  transmission  loss,  (2.  13)  and  (2.  14). 

Basic  transmission  loss  for  a  diffraction  path,  (7.3),  (7.4), 

Basic  transmission  loss  in  free  space,  (2.  16), 
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L  Hourly  median  basic  transmission  loss, 

bm 

L  Reference  value  of  long-term  median  basic  transmission  loss  based  on  forward  scatter 

bsr 

loss,  (9.1). 

L  Calculated  value  of  transmission  loss, 

c 

L  Polarization  coupling  loss,  (2.10). 

cp 

I_  Reference  value  of  hourly  median  transmission  loss  when  diffraction  and  scatter  losses 

or 

are  combined,  (9.  14). 

L  Reference  value  of  hourly  median  transmission  loss  due  to  diffraction,  (9. 14). 

dr 

Lj  An  “equivalent  free-space  transmission  loss, 11  (2, 19). 

L  Loss  in  path  antenna  gain,  defined  as  the  difference  between  the  sum  of  the  maximum 

gP 

gains  of  the  transmitting  and  receiving  antennas  and  the  path  antenna  gain,  (2.21). 

Lj  ,  L  Transmission  line  and  matching  network  losses  at  the  receiver  and  transmitter. 

L  Path  loss,  defined  as  transmission  loss  plus  the  sum  of  the  maximum  free  space  gains 

o  •  , 

of  the  antennas,  (2.  12). 

L  The  system. loss  expressed  in  decibels,  defined  by  (2.1),  System  loss  includes  ground 

and  dielectric  losses  and  antenna  circuit  losses. 

L  Reference  value  of  median  forward  scatter  transmission  loss,  used  with  L,  to  ob- 

sr  dr 

tain  the  reference  value  L  ,  (9.14). 

cr 

L(q),  L(0. 5)  Long-term  value  of  transmission  loss  not  exceeded  for  a  fraction  q  of  hourly 

medians;  L  (0.5)  is  the  median  value  of  L(q)  ,  section  10, 

L,  (q),  L.  (0,  5)  Long-term  value  of  basic  transmission  loss  not  exceeded  for  a  fraction  q  of 
b  b 

hourly  medians;  Lb(0.5)  is  the  median  of  L^(q)  . 

M  Liquid  water  content  of  a  cloud  measured  in  grams  per  cubic  meter,  (3, 13), 

MHz  Radio  frequency  in  megahertz. 

n  Refractive  index  of  the  atmosphere,  section  4, 

n  The  ratio  a  1 6  or  P  /  6  used  to  compute  n,  (9.12), 

o  t  or 

n  Atmospheric  refractive  index  at  the  surface  of  the  earth,  (4.1). 

n  A  parameter  used  In  calculating  path  antenna  gain,  (9. 12). 

N  Atmospheric  refractivity  defined  as  N  =  (n-1)  X  10  ,  section  4. 

Nq  Surface  refractivity  reduced  to  sea  level,  (4.3). 

The  value  of  N  at  the  surface  of  the  earth,  (4.  1), 
p(r),  p  (■»?)  Complex  polarization  vectors,  section  2.  3  and  annex  II. 

7-  7r,  2 

I  p  *  I  Polarization  efficiency  for  transfer  of  energy  in  free  space  at  a  single  radio  frequency, 
(2. 11)  and. (II, 62) . 

q  Time  availability,  the  fraction  of  time  a  given  value  of  transmission  loss  is  not  ex¬ 

ceeded,  section  10, 

q  Thi' ratio  q  =  r./sr  used  to  compute  AH  ,  (9,5). 

r  The  length  in  free  space  of  the  direct  ray  path  between  antennas,  figure  5.  1, 

r  Radius  of  curvature,  (7,9). 
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r  Effective  distance  for  abaorption  by  oxygen  In  the  atmosphere,  (3.4)  figures  3.2  to  3.4  . 

eo 

r  Kffective  rain-bearing  distance,  (3.11)  and  (3. 14)  figures  3.10  to  3.13. 

er 

r  Effective  distance  for  absorption  by  water  vapor  in  the  atmosphere,  (3.4),  figures  3.  2 

ew 

to  3.4. 

r  Length  of  a  direct  ray  between  antennas  over  an  effective  earth  of  radius  a,  figure  5.  1. 

o 

rl'  r2  Parameters  used  In  computing  the  frequency  gain  function  Hq,  and  defined  by  (9.4). 

r  f  r^  Distances  whose  sum  is  the  path  length  of  a  reflected  ray,  figure  5. 1. 

f  ,  r  Direction  of  the  most  important  propagation  path  from  the  transmitter  to  the  receiver, 

1  2 

or  from  the  receiver  to  the  transmitter. 

r  Straight  line  distances  from  transmitting  and  receiving  antennas  to  a  point  on  the  ground 

a  distance  from  the  transmitting  antenna,  figure  6.4. 
r.m.e.  Abbreviation  of  root-mean-square. 

R  The  magnitude  of  the  theoretical  coefficient  R  exp[ -i(ir -c) ]  for  reflection  of  , a  plane 

wave  from  a  smooth  plane  surface  of  a  given  conductivity  and  dielectric  constant,  (5.  1). 

R  An  "effective11  ground  reflection  coefficient,  (5.  1). 

e 

R  Rainfall  rate  in  millimeters  per  hour,  (3.  10). 

r 

R  Surface  rainfall  rate,  (3.10). 

r  a 

r"  Cumulative  distribution  of  instantaneous  path  average  rainfall  rates,  figure  3,  14. 

r 

R(0 .  5)  A  function  of  L^  -  L  ,  (9.14)  figure  9.9. 

a  Path  asymmetry  factor,  (6*19). 

T  Reference  absolute  temperature,  T  =  288.37  degrees  Kelvin, 

o  0 

T(r)  Temperature  in  the  troposphere  in  degrees  Kelvin, 

T  (°K)  Effective  sky  noise  temperature  in  degrees  Kelvin. 

8 

T.A.S.O.  Abbreviation  of  Television  Allocations  Study  Organization. 

U(vp)  A  parameter  used  in  computing  diffraction  over  a  rounded  obstacle,  (1X1.  26)  and  figure 


v  A  parameter  used  In  computing  diffraction  over  an  isolated  obstacle,  (7.  1). 

V(0 .  5,  d  )  A  parameter  used  with  the  calculated  long-term  reference  value,  L  ,  to  predict 

median  long-term  transmission  loss,  figure  10.  1  equations  (l0.4)  and  (111.67). 

V  (0.  5,  d  )  The  parameter  V(0.5,  d  )  for  a  given  climatic  region  characterized  b/  the  sub- 
nv  *  e  e 

script  n,  (10.4)  figure  10.1. 

w  ,  W  Radio  frequency  signal  power  that  would  be  available  from  an  equivalent  lo9S-free  re- 
u  a 

celvlng  antenna,  W  =  10  log  w^  dbw,  (2.  2). 

v‘,  W'  Radio  frequency  signal  power  available  at  the  terminals  of  the  receiving  antenna, 


v‘ ,  W' 
a  a 


wt.  Wt 


W*  =  10  log  w'  dbw,  (2.1). 
a  a 


Total  power  radiated  from  the  transmitting  antenna  in  a  given  band  of  radio  frequencies, 


Wt  =  10  log  wfc  dbw,  (2,  2), 


Available  power  at  the  terminals  oi  a  hypothetical  loss-lice  isotropic  receiving  an¬ 
tenna,  assuming  no  orientation,  pouw  oi  mulupa in  coupling  loss  between 

transmitting  and  receiving  antennas,  (2.  13). 
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x  A  specified  value,  the  discussion  preceding  (2. 14). 

x  A  variable  designating  distance  from  an  antenna,  figure  6,4 

x^  The  i  distance  from* the  transmitter  along  a  great  circle  path,  figure  6.4. 

x  .  x1#  x2  Parameters  used  to  compute  diffraction  loss,  (8.2)  figures  8.5  and  8.6. 

xQ,  x2Q  Points  chosen  to  exclude  terrain  adjacent  to  either  antenna  which  is  not  visible  to  the 
other  in  compvting  a  curve  fit,  (5. 15). 
x  The  average  of  distances  x^  and  x^,  (5.15b). 

X,  Y  Initial  bearings  from  antenna  terminals  A  and  B*  measured  from  true  north,  figure 

6.3. 

Terrain  elevations,  modified  to  account  for  the  curvature  of  the  earth,  (6. 10). 

y(x)  Modified  terrain  elevation,  y(x)  =  h(x)  -  x^/(2a),  (5,16). 

Y'  Bearing  from  any  point  B'  along  the  great  circle  path  AB,  figure  6.3. 

Y(q)  Long-term  variability  of  L  or  of  W  in  terms  of  hourly  medians,  (10.6)  and  (V.4) 

mm 

Y(q*  100  MH*)  Basic  estimate  of  variability  in  a  continental  temperate  climate,  figure  10.2. 

Y(q»  d^,  100  MH*)  Basic  estimate  of  variability  as  a  function  of  effective  distance,  (10.6)  figure 

10.2. 

Z  Great  circle  path  length  between  antenna  terminals  A  and  B,  figure  6,  3, 

Z1  Great  circle  path  distance  between  an  antenna  and  an  arbitrary  point  B’ ,  figure  6.  3* 
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a,  P 
o  o 

a  ,  p 
oo  oo 


“(W 


•r 

Vra 

^wo 


The  parameter  a  la  defined  in  equation  (3.9b)  and  plotted  as  a  function  of  trequency  on 
figure  3,9. 

The  angles  a  ,  p  modified  by  the  corrections  Aa  ,  AS  ,  (6,19), 

The  angles  between  a  transmitter  or  receiver  horizon  ra.y  and  a  line  drawn  between  the 
antenna  locations  on  an  earth  of  effective  radius,  a,  (6.  18)  figure  6,  1. 

The  function  a  in  (3.9b)  as  a  function  of  frequency  in  GHz,  figure  3.9. 

Differential  absorption  in  decibels  per  kilometer  for  oxygen  under  standard  conditions 
of  temperature  and  pressure,  (3.4). 

Rate  of  absorption  by  rain,  (3.8). 

Surface  value  of  the  rate  of  absorption  by  rain,  (3.  11). 

Differential  absorption  in  decibels  per  kilometer  for  water  vapor  under  standard  condi¬ 
tions  of  temperature  and  pressure  and  for  a  surface  value  of  absolute  humidity  of 
lOg/cc,  (3.4). 

Differential  atmospheric  absorption  in  db/km  for  a  path  length  r,  (3.1), 

Differential  rain  absorption  along  a  path  r,  (3.7), 


V(r) 

Yr(r) 

y  (h),  yw(h)  Differential  absorption  in  dB/km  for  oxygen  and  water  vapor,  respectively,  as  a 


r(r) 

6,  6. 


6  .  6 
w  z 

Aa  ,  A(J 
o  o 

A 

c 

Ah 


Ar 


A  ,  A 
X1  X2 


function  of  height,  h*  (3.3). 

Absorption  coefficient  as  a  function  of  path  distance  r,  (3,2)  andJ3.6), 
v 

The  effective  half-power  semi-beamwidth  for  the  receiving  and  transmitting  antennas, 
respectively,  (9,11)  and  (9.  12). 

Azimuthal  and  vertical  aemi-beamwidths,  (2.6). 

Correction  terms  applied  to  compute  a^,  Pq  (6.  19)  figure  6.9. 

Depression  of  field  strength  below  smooth  earth  values,  (5, 19). 

A  correction  term  used  to  compute  the  effective  height  for  h?,gh  antennas,  (6.  12)  figure 
6.7. 

The  path  length  difference  between  a  direct  ray,  r^,  and  a  reflected  ray,  Ar  = 

-  r  ,  (5.4),  (5.9)  and  (7.1). 

f\ 

Auxiliary  functions  used  to  check  the  magnitude  error  in  the  graphical  determination 


of  diffraction  attenuation,  (8.  5)  figures  8.  5  and  8, 6, 

AH  A  correction  term  applied  to  the  frequency  gain  function,  H  ,  (9.5)  and  figure  9.4. 

o  o 

AN  The  refractivity  gradient  from  the  surface  value,  N#  ,  to  the  value  of  N  at  a  height 

of  one  kilometer  above  the  surface,  (4.2). 

An  (N  ),  Ap  (N  )  The  correction  terms  Aa  ,  Ap  for  values  of  N  other  than  301,  (6.21) 

O  8  0  S  0  0  8 

figure  6. 10. 

Aa  (301),  Ap  (301)  The  correction  terms  Aa  ,  Ap  for  N  =301,  (6.21)  read  from  figure  6.9. 
oo  0  0  8 

Ah(h^,  N  ),  Ah(ht»  N#)  The  correction  Aheas  a  function  of  and  of  receiver  and  transmitter 
heights  h^  and  h^,  (6. 12)  figure  6. 7. 

A  function  of  h^  and  Ng  used  in  computing  Fq  and  HqI  (9.  3)  and  figure  9.  2. 

0  The  angular  distance,  0,  is  the  angle  between  radio  horizon  rays  In  the  great  circle 

plane  defined  by  the  antenna  locations,  (6.  19). 
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0  »  0  . 
or  oi 


l  a 


"c(p) 


•  (V.  p) 
*(V.  0) 


V  *B 


a* 


* 


u  ,  u 

r  t 


Horizon  elevation  angles  at  the  receiver  and  transmitter*  respectively*  (6.  15). 

Angle  of  elevation  of  a  direct  ray  relative  to  the  horlsontal  at  the  lower  antenna,  (5. 12). 
See  0^  and  f(G^)  . 

Angle  of  elevation  above  the  horUontal*  figures  3,2  to  3,4, 

Angle  between  radio  horison  rays*  assuming  straight  rays  above  an  earth  of  effective 
radius*  a*  figure  6. 1, 

The  angular  elevation  of  a  horison  ray  at  the  receiver  or  transmitter  horizon,  (6, 16) 
figure  6/1, 

Free  space  radio  wave  length*  used  for  example  in  (2,7), 

The  ratio  6^/6^  used  in  (9. 12)  and  figure  9,8. 

A  parameter  that  is  half  the  value  of  t^*  used  in  computing  loss  in  antenna  gain*  (9. 11), 
(9,12)  and  figure  9,7, 

Radio  frequency  in  herts. 

A  constant*  w  *  3. 14159264, 

Correlation  coefficient  between  two  random  variables. 

Index  of  curvature  for  the  crest  curvature  of  a  rounded  obstacle  in  the  great  circle 
path  direction*  (7.8), 

The  correlation  between  variations  due  to  sources  i  and  j*  (10,8). 

The  correlation  between  variations  Y  and  Y^*  (10,9). 

The  correlation  between  variations  Y  and  Y^«  (10,9). 

The  root-mean-square  deviation  of  great  circle  path  terrain  elevations  relative  to  a 
smooth  curve  fitted  to  the  terrain*  (5, 1), 

l 

The  standard  deviation  corresponding  to  the  variance  a  (p)  , 

C  20 

A  symbol  to  represent  the  summation  of  terms*  as  in  (5,15)  where  ^  h^  means  the 
sum  of  all  values  of  h^  from  1  s  0  to  i  =  20  . 

The  total  phase  lag  of  the  diffracted  field  over  an  isolated  rounded  obstacle  with  reflec¬ 
tions  from  terrain*  (7.13), 

s 

The  total  phase  lag  of  the  diffracted  field  over  an  ideal  knife  edge  with  ground  reflec¬ 
tions*  (7.13). 

Latitudes  of  antenna  terminals  A  and  B*  (6,1)  to  (6,9)  figure  6.3, 

Latitude  of  an  arbitrary  point  along  ths  great  circle  path  from  A  to  B,  (5.  7). 

The  grazing  angle  of  a  ray  reflected  from  a  point  on  the  surface  of  a  a mooth  earth* 

(5. 1)  figure  5. 1,  or  grazing  angle  at  a  feuillet*  annex  IV. 

Minimum  grazing  angle*  aectlon  5, 1, 

The  acute  angle  between  principal  polarization  vectors  and  e  ,  (2,11). 

The  half-power  beamwldtha  of  the  receiving  and  transmitting  antennas*  respectively. 
(9.10), 
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FOREWORD 

A  Abort  history  of  the  development  of  the  prediction  methods  in  this  Technical  Note  will 
permit  the  reader  to  compare  them  with  earlier  proceduies.  Some  of  these  methods  were  first 
reported  by  Norton,  Rice  and  Vogler  [  1955]  .  Further  development  of  forward  scatter  predictions 
and  a  better  understanding  of  the  refractive  index  structure  of  the  atmosphere  led  to  changes  re¬ 
ported  in  an  early  unpublished  NBS  report  and  in  NBS  Technical  Note  15  [Rice,  Long  ley  and 
Norton,  1959] .  The  methods  of  Technical  Note  15  served  as  a  basis  for  part  of  another  unpublished 
NBS  report  which  was  incorporated  in  Air  Force  Technical  Order  T.  O.  31Z-10-1  in  1961.  A 
preliminary  draft  of  the  current  technical  note  was  submitted  as  a  U.  S.  Study  Group  V  contribution 
to  the  CCIR'in  196Z. 

Technical  Note  101  uses  the  metric  system  throughout.  For  most  computations  both  a 
graphical  method  and  formulas  suitable  for  a  digital  computer  are  presented.  These  include 
simple  and  comprehensive  formulas  for  computing  diffraction  over  smooth  earth  and  over  irregular 
terrain,  as  well  as  methods  for  estimating  diffraction  over  an  isolated  rounded  obstacle.  New 
empirical  graphs  are  included  for  estimating  long-term  variability  for,  several  climatic  regions, 
based  on  data  that  have  been  made  available. 

For  paths  in  a  continental  temperate  climate,  these  predictions  are  practically  the  same 
as  those  published  in  1961.  The  reader  will  find  a  number  of  graphs  have  been  simplified  and  that 
many  of  the  calculations  are  more  readily  adaptable  to  computer  programming.  The  new  material 
on  time  availability  and  service  probability  in  several  climatic  regions  should  prove  valuable  for 
areas  other  than  the  U.  5.  A. 

Changes  in  this  revision  concern  mainly  sections  2  and  10  of  volume  1  and  annexe^  1,  II  and 
V  of  volume  2,  and  certain  changes  in  notation  and  symbols.  The  latter  changes  make  the  notation  . 
more  consistent  with  statistical  practice. 

Section  10,  Long-Term  Power  Fading  contains  additional  material  on  the  effects  of 
atmospheric  stratification. 

For  convenience  in  using  volume  2,  those  symbols  which  are  found  only  in  an  annex  are 
listed  and  explained  at  the  end  of  the  appropriate  annex.  Section  12  of. volume  1  lists  and  explains 
only  those  symbols  used  in  volume  1. 


Note:  This  Technical  Note  consists  of  two  volumes  as  indicated  in  the  Table  of  Contents. 
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^ _  Annex  I 

AVAILABLE  DATA,  STANDARD  CURVES ,  AND  A  SIMPLE  PREDICTION  MODEL 

The  simplest  way  to  predict  long-term  median  transmission  loss  values  would  be  to 
use  a  best-fit  curve  drawn  through  measured  data  (represented  by  their  overall  median  values) 
plotted  as  a  function  of  path  length.  Such  a  method  ignores  essentially  all  of  our  understanding 
*  of  the  physics  of  tropospheric  propagation,  is  subject  to  especially  large  errors  over  rough 

terrain,  and  such  empirical  curves  represent  only  the  conditions  for  which  data  are  available. 

Curves  that  may  be  useful  for  establishing  preliminary  allocation  plans  are  presented 
in  section  1.2  of  this  annex.  These  "standard"  curves  were  prepared  for  a  fixed  combination 
of  antenna  heights  and  assume  propagation  over  a  smooth  earth.  The  curves  are  not  suitable 
for  use  on  particular  point-to-point  paths,  since  they  make  no  allowance  for  the  wide  range 
of  propagation  path  profiles  or  atmospheric  conditions  that  may  be  encountered  over  particular 
paths. 

A  method  for  computing  preliminary  reference  values  of  transmission  loss  is  described 
in  section  I.  3,  This  method  Is  based  on  a  simple  model,  may  readily  beprogrammed,  and  is 
especially  useful  when  little  is  known  of  the  details  of  terrain. 


I.  1  Available  Data  as  a  Function  of  Path  Length 

Period-of-record  median  values  of  attenuation  relative  to  free  space  are  plotted  vs. 

distance  in  figures  I,  1  to  1.4  for  a  total  of  750  radio  paths,  separating  the  frequency  ranges 

40-150  MHz,  150-600  MHz,  600-1000  MHz,  and  1-10  GHz.  Major  sources  of  data  other 

than  those  referenced  by  Herbstreit  and  Rice  [1959)  are  either  unpublished  or  are  given  by 

Bray,  Hopkins,  Kitchen,  and  Saxton  [1955],  Bullington  [1955],  duCastel  [1957b],  Crysdalc 

[1958],  Crysdale,  Day,  Cook,  Psutka,  and  Robillard  [1957],  Dolukhanov  [1957],  Grosskopf 

[1956],  Hirai  [1961a,  b],  Josephson  and  Carlson  [1958],  Jowett  [1958],  Joy  [1958a,  b],  Kitchcr 

and  Richmond  [1957],  Kitchen,  Richards,  and  Richmond  [1958],  Millington  and  Istcd  [1950], 

Newton  and  Rogers  [1953],  Onoe,  Hirai,  and  Niwa  [1958],  Rowden,  Tagholm,  and  Stark 

[1958],  Saxton  [1951],  Ugai[l96l),  and  Vvedcnskii  and  Sokolov  [1957 ) . 

Three  straight  lines  were  determined  for  each  of  the  data  plots  shown  in  figures  I.  1 

to  1.4.  Near  the’ transmitting  antenna,  A  =  0  on  the  average.  Data  for  intermediate  dis- 

X 

tancea,  where  the  average  rate  of  diffraction  attenuation  is  approximately  0.09  f3  db  per 
kilometer,  determine  a  second  straight  line.  Data  for  the  greater  distances,  where  the  level 
of  forward  scatter  fields  is  reached,  determine  the  level  of  a  straight  line  with  a  slope  varying 
from  1/18  to  1/14  db  per  kilometer,  depending  on  the  frequency. 

The  dashed  curves  of  f  arcs  I.  1-1.3  show  averages  of  broadcast  signals  recorded  at 
2500  random  locations  in  six  different  areas  of  the  United  States.  The  data  were  normalized 
to  10-meter  and  300-meter  antenna  heights,  and  to  frequencies  of  90,  230,  and  750  MHz. 
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For  this  data  sample  [TASO  1959].  average  field*  are  low  mainly  because  the  receiver  loca¬ 
tion*  were  not  carefully  selected,  a*  they  were  for  most  other  paths  for  which  data  are  shown. 

The  extremely  large  variance  of  long-term  median  transmission  loss  values  recorded 
over  irregular  terrain  is  due  mainly  to  differences  in  terrain  profile#  and  effective  antenna 

heights.  For  a  given  distance  and  given  antenna  heights  a  wide  range  of  angular  distances  is 
possible,  particularly  over  short  diffraction  and  extra-diffraction  paths.  Angular  distance, 
the  angle  between  radip  horizon  rays  from  each  antenna  in  the  great  circle  plane  containing 
the  antennas,  is  a  very  important  parameter  for  transmission  loss  calculations,  (see  section 
6).  Figure  I.  5  shows  for  a  number  of  paths  the  variability  of  angular  distance  relative  to 
its  value  over  a  smooth  spherical  earth  as  a  function  of  path  distance  and  antenna  heights. 

Most  of  the  "scatter"  of  the  experimental  long-term  medians  shown  in  figures  I.  1  - 
1.4  is  due  to  path-to-path  difference*.  A  small  part  of  this  variation  is  due  to  the  lengths  of 
the  recording  periods.  For  all  data  plotted  in  the  figures  the  recording  period  exceeded  two 
weeks,  for  630  paths  ’it  exceeded  one  month,  and  for  90  paths  recordings  were  made  for  more 
than  a  year. 

An  evaluation  of  the  differences  between  predicted  and  measured  transmission  loss 
values  is  discussed  briefly  in  annex  V.  In  evaluating  a  prediction  method  by  its  variance 
from  observed  data,  it  is  important  to  remember  that  this  variance  is  strongly  influenced  by 
the  particular  data  sample  available  for  comparison.  Thus  it  is  most  important  that  these 
data  samples  be  as  representative  as  possible  of  the  wide  range  of  propagation  path  conditions 
likely  to  be  encountered  in  the  various  types  of  service  and  in  various  parts  of  the  world. 

To  aid  in  deciding  whether  it  is  worthwhile  to  use  the  point-to-point  prediction  method 
outlined  in  sections  4  -  10,  instead  of  simpler  methods,  figure  I.  6  shows  the  cumulative  dis¬ 
tribution  of  deviations  of  predicted  from  observed  long-term  median  values.  The  dash-dotted 
curve  shows  the  cumulative  distribution  of  deviations  from  the  lines  drawn  in  figures  I.  1  - 
1.4  for  all  available  data.  The  solid  and  dashed  curves  compare  predictions  based  on  these 
figures  with  ones  using  the  point-to-point  method  for  the  same  paths.  Note  that  the  detailed 
point-to-point  method  could  not  be  used  in  many  cases  because  of  the  lack  of  terrain  profiles. 

Figure  I,  6  shows  a  much  greater  variance  of  data  from  the  "empirical"  curves  of  fig¬ 
ures  I.  1  -I.  4  for  ihe  sample  of  750  paths  than  for  the  smaller  sample  of  217  paths  for  which 
terrain  profiles  are  available,  The  wide  scatter  of  data  illsutrated  in  figure  1.4  for  the  fre¬ 
quency  range ’1  -  10  GHz  appears  to  be  mainly  responsible  for  this.  Figure  1,4  appears  to 
show  that  propagation  is  much  more  sensitive  to  differences  in  t  ^rain  profiles  at  these  higher 
frequencies,  as  might  be  expected.  The  point-to-point  prediction  methods,  depending  on  a 
number  of  parameters  besides  distance  and  frequency,  are  also  empirical,  since  they  are 
made  to  agree  with  available  data,  but  estimates  of  their  reliability  over  a  period  of  years 
have  not  varied  a  great  deal  with  the  size  of  the  sample  of  data  made  available  for  compari¬ 
son  with  them. 
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ANGULAR  DISTANCE  VERSUS  DISTANCE  FOR  THE  290  PATHS  FOR  WHICH 
TERRAIN  PROFILES  ARE  AVAILABLE 

THE  CURVES  SHOW  ANGULAR  DISTANCE,  B,  AS  A  FUNCTION  OF  DISTANCE 
OVER  A  SMOOTH  EARTH  OF  EFFECTIVE  RAOIUS  *  9000  KILOMETERS 

THE  WIDE  SCATTER  OF  THE  DATA  ON  THIS  FIGURE  ARISES  ALMOST  ENTIRELY 
FROM  DIFFERENCES  IN.  TERRAIN  PROFILES,  AND  ILLUSTRATES  THE 
IMPORTANCE  OF  ANGULAR  DISTANCE  AS  A  PREDICTION  PARAMETER 
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l.  3  Prelimintry  Reference  Values  of  Attenuation  Relative 

to  Free  Space,  A 

1  cr 

L3.1  Introduction 

Three  main  elements  of  the  problem  of  prediction  are  the  intended  application,  the 
characteristics  of  available  data,  and  the  basts  of  relevant  propagation  models.  The  theoret¬ 
ical  basis  of  the  model  proposed  here  is  simple,  and  its  advantages  and  limitations  are  easily 
demonstrated.  Preliminary  comparisons  with  data  indicate  standard  errors  of  prediction  con¬ 
siderably  greater  than  those  associated  with  the  specific  methods  described  in  volume  1,  which 
are  designed  for  particular  applications.  However,  the  method  described  below  is  especially 
useful  when  little  is  known  of  the  details  of  terrain;  it  may  readily  be  programmed  for  a  digital 
computer;  and  it  is  adequate  for  most  applications  where  a  preliminary  calculated  reference 

value  A  of  attenuation  relative  to  free  space  is  desired.  The  minimum  prediction  param- 
cr 

eters  required  are  frequency,  path  distance,  and  effective  antenna  heights.  For  the  other 
parameters  mentioned  typical  values  are  suggested  for  situations  where  accurate  values  are  not 
known. 

For  radio  Une-of-sight  paths  the  calculated  reference  value  A  Is  either  a  "fore¬ 
ground  attenuation"  or  an  extrapolated  value  of  diffraction  attenuation  A^,  whichever  is 
greater.  For  transhorizon  paths,  A .  is  either  equal  to  A^  or  to  a  forward  scatter  attenua¬ 

tion  A^,  whichever  is  smaller. 

1,3.2  The  Terrain  Roughness  Factor  Ah 

Different  types  of  terrain  are  distinguished  according  tc  the  value  of  a  terrain  rough¬ 
ness  factor  Ah.  This  is  the  interdecile  range  of  terrain  heights  in  meters  above  and  below  a 
straight  line  fitted  to  the  average  slope  of  the  terrain.  When  terrain  profiles  are  available  Ah 
is  obtained  by  plotting  terrain  heights  above  sea  level,  fitting  a  straight  line  by  least  squares 
to  define  the  average  slope  and  obtaining  a  cumulative  distribution  of  deviations  of  terrain  heights 
from  the  straight  line.  Ordinarily  Ah  will  increase  with  distance  to  an  asymptotic  value.  This 
is  the  value  to  be  used  in  these  computations. 

When  terrain  profiles  are  not  available  estimates  of  Ah  may  be  obtained  from  the  fol¬ 
lowing  table: 

TABLE  I.  1 

Type  of  Terrain  Ah  (meters) 


Water  or  very  smooth  terrain 

0-1 

Smooth  terrain 

10-20 

Slightly  rolling  terrain 

40-60 

Hilly  terrain 

80-150 

Rugged  mountains 

200-500 
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I.  3.  3  The  OUfrtctioQ  Attenuation  A 

u 

If  the  earth  Is  smooth  A^  =  H  is  computed  using  the  method  described  In  section  8  of 
volume  If  the  terrain  is  very  irregular,  the  path  is  considered  as  though  it  were  two  simple 
knife  edges:  a)  transmitter-first  ridge-second  ridge,  and  b)  first  ridge-second  ridge- 
receiver.  The  total  diffraction  attenuation  K  is  then  the  sum  of  the  losses  over  each  knife-edge. 

K*A  (vr0)+A  <v2.0)  (LI) 

These  functions  are  defined  by  (1.7)  to  (I.  12). 

The  main  features  of  a  transhorizon  propagation  path  are  the  radio  horizon  obstacles, 
the  radio  horizon  raya  and  the  path  distance  d,  which  is  greater  than  the  sum  d^  of  the  dis¬ 
tances  d_  and  df  to  the  radio  horizons  of  the  antennas.  The  diffraction  attenuation  A.  de- 
Lt  Lr  d 

pends  on  d,  d^,  d^,  ^  minimum  monthly  mean  surface  refractlvity  N^.  the  radio  fre¬ 
quency  f  in  MHz,  the  terrain  roughness  factor  Ah,  and  the  sum  0^  of  the  elevations  0^  and 
of  horizon  rays  above  the  horizontal  at  each  antenna.  The  latter  .parameters  may  be  meas¬ 
ured,  or  may  be  calculated  using  (6. 15)  of  volume  1. 

In  general,  the  diffraction  attenuation  A^  is  a  weighted  average  of  K  and  R  plus 
an  allowance  for  absorption  and  scattering  by  oxygen,  water  vapor,  precipitation,  and 

terrain  clutter: 


(1.2) 

(I.  3) 

(1.4) 
(I.  5) 

:i.  *) 


gs> 
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The  angular  distance  0  is  in  radians  and  the  wavelength  X  is  expressed  in  meters.  The 
{•arameter  (a  0  +  d^)/d  in  (1.5)  Is  unity  for  a  smooth  earth*  where  Ah/X  is  small  and  Aarl  . 

For  very  Irregular  terrain*  both  Ah/X  and  (a  6  +  d^J/d  tend  to  be  large  so  that  AeO. 

The  following  set  of  formulas  used  to  calculate  K  and  R  are  consistent  with  sections 
7  and  8*  volume  1. 


V1.2=  12915  ,[UUrni/<d-VdUr,f 

A(v.O)  =  [6'°2  +  ’■ 11  v  '  127  vZ  0  «  *  *  2-4 

1 12  953  +  20  Jog  v  for  v>2  4 

R  =  G  (x0)  -  F  (Xj)  -  F  (x2)  -  C2  (K^  J 


\  d,  , 

X, 

=  B  d 

01  1-t 

2 

1 

8 

* 

=  f*c* 

B, 

B  =  i1  d 

01 

1 

o*  < 

OS  s 


X  ? 

B,  B  =  f*  C  B 

02  2  OS  OS  S 


C  =  (8497/a,)1  C  =  (8497/a J  1  C  =  (8497/a  )* 

01  1  02  C  OS  8 


a  =  <T/(2h)  a  =d2/(2h  )  a  =  D  /e 
1  Lt  te  l  Lr  re  s  s 


(I- 7) 

(1.8) 

(1.9) 

(1. 10) 


(1.11) 


(1. 12) 


> 


If  the  path  distance  d  Is  less  than  as  given  by  (1. 13)*  It  is  advisable  to  calculate 

A^  for  larger  distances  d^  and  and  to  extrapolate  a  straight  line  through  the  points 

(A^  ,  d^)  and  (A^t  d^)  back  to  the  desired  value  (A*  d)  .  The  following  is  suggested  for 

and  d, : 

4 


2  1  2  1 

d^  =  +  0 .  5  (a  / f)  3  km ,  =  d^  +  (a  / f) 1  km  (I.  13) 


1.3.4  The  Forward  Scatter  Attenuation,  A 

s 

The  scatter  attenuation  for  a  transhorizon  path  depends  on  the  parameters  d,  Ns> 

i,  0  ,  h  f  h  and  A,  .  If  the  product  6d  of  the  angular  distance  8  and  the  distance  d  Is 
e  te  re  bs  • 
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greater  than  0.5,  the  forward  scatter  attenuation  is  calculated  for  comparison  with  A^: 


IS  +  103.4  +  0.332  Bd  -  10  log  (6d)  for  0.5<0dsl0 

S+  97. 1  +  0.212  !Jd  -  2.  5  log  (Odl  for  10  £  Od  *  70 
S  +  86*8  +  0.  1S7  6d  +  S  log (6d)  for  0d  ^  70 
S  =  Hc  +  10  log  (f o'*)  -  0. 1  (N^  -  301)  exp(-0d/40)  +  A^ 


U.  14) 

(1.15) 


no  =  LL+jJ-lffef  l0C07  -  0  058  0I  ] 

°  te  reJ  *-  ■* 


H  «  15  db,  whichever  is  smaller, 
o 


(I- 16) 


The-  reference  attenuation  A  =  A  if  A  <  A  , . 

cr  s  •  d 

I.  3.  5  Radio  Line-of-Sight  Paths 

For  line-of-sight  paths  the  attenuation  relative  to  free  space  increases  abruptly  as  d 

approaches  d^,  so  an  estimate  of  d^  is  required  in  order  to  obtain  A^  .  For  sufficiently 

high  .mletmas,  or  a  sufficiently  smooth  earth*  (see  [I.  18]),  d^  and  are  expected  to 

equal  the  smooth  earth  values  d„  and  d,.  : 

Lst  Lsr 


d  =  .  002  a  h  km,  d,  =  •JSTSSZ  a  h  km 

Lst  te  Lsr  re 


«.  17) 


where  a  Is  the  effective  earth's  radius  in  kilometers  and  h  ,  h  are  heights  in  meters 

te  re 

above  a  single  reflecting  plane  which  is  assumed  to  represent  the  dominant  effect  of  the  terrain 
between  the  antennas  or  between  each  antenna  and  its  radio  horizon.  The  effective  reflecting 
plane  is  usually  determined  by  inspection  of  the  portion  of  terrain  which  is  visible  to  both  an¬ 
tennas. 

For  a  "typical"  or  "median"  path  and  a  given  type  of  terrain  and  may  be  es¬ 

timated  as 


dj_t  =  [  1  ±  0.9  exp(-l.  5  ? ' hj]  km 

d,  =  d,  [  1  ±  0.9  exp(-1.5  S  PKI]  km. 

Lr  Lsr  r  re  J 


(I.  18a) 
(I.  18b) 


If  for  a  median  path  an  antenna  is  located  on  a  hilltop,  the  plus  sign  in  the  corresponding  square 
bracket  in  (1.  18a)  or  (I.  18b)  is  used,  and  if  the  antenna  is  behind  a  hill,  the  minus  sign  is  used. 
If  =  d  +  d^^  is  ie»*»  than  a  known  line-of-sight  path  distance  d,  the  estimates  (I.  18a) 
and  (I.  18b)  are  each  increased  by  the  ratio  ( d/d bo  that  =  d . 


- 
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For  example,  in  a  broadcasting  situation  with  h^  =150  meters,  =  10  meters,  and 

4h  =  50  meters,  (I.  Id)  uaing’minus  signs  indicates  that  d  =  0.97  d  and  d  =  0.63  d 

Lt  I.  St  Lr  Lsr 

For  small  grazing  angles,  (5.6)  and  (5.9)  of  volume  1  may  be  combined  to  describe 
line-of-sigh:  propagation  over  a  perfectly-conducting  smooth  plane  earth: 

.  ,  I  Kd  .  10  7 

A  " ,OR  hrirr !  db  n.in 

to  re 

where  d  is  in  kilometers  and  h  ,  h  ,  and  the  radio  wavelength  X  are  in  meters.  This 

te  re 

formula  is  not  applicable  for  small  values  of  Xd/(h  h  ) ,  where  the  median  value  of  A  is  ex- 

te  re 

peeled  to  be  zero.  It  is  proposed  therefore  to  add  unity  to  the  argument  of  ,u*  logarithm  in  (I.  19). 

The  expression  (I.  19)  is  most  useful  when  d  is  large  and  nearly  equal  to  d  .  Better 

3  L 

agreement  with  data  is  obtained  if  d  is  replaced  by  d^  and  the  constant  10  /(4ir)  is  replaced 
by  Ah/X,  the  terrain  roughness  factor  expressed  in  wavelengths.  Accordingly,  the  foreground 
attenuation  factor  A^  can  be  written  as 


A,  =  20  log  1  +  d,  Ah/(h  h  )  1  + 
i  |_  L  te  re  J 


Al  db. 
bs 


The  absorption  A^  defined  following  (1.2)  is  discussed  in  sections  3  and  5  of  volume  1.  For 
frequencies  less  than  10,  000  MHz  the  major  component  of  A^  is  usually  due  to  terrain  clutter 
such  as  vegetation,  buildings,  bridges,  and  power  lines. 

For  distances  small  enough  so  that  is  greater  than  the  diffraction  attenuation  ex¬ 
trapolated  into  the  line-of-sight  region,  the  calculated  attenuation  relative  to  free  space  A 

cr 

is  given  by  (1.20)  and  depends  only  on  h  ,  h  ,  Ah,  A,  and  an  estimate  of  d  .  For  lone 

te  re  ba  L 

line-of-sight  paths,  the  foreground  attenuation  given  by  (1.20)  is  less  than  the  extrapolated  dif¬ 
fraction  attenuation  A.,  so  A  =  A  .  . 

d  cr  d 

If  d_  ,  d,  ,  and  0  are  known,  these  values  are  used  to  calculate  A  .  .  Otherwise, 
Lt  Lr  e  d  ' 

(1.  18)  may  be  used  to  estimate  d^  and  ,  and  9^  is  calculated  as  the  sum  of  a  weighted 

average  of  estimates  of  9  and  0  for  smooth  and  rough  earm.  For  a  smooth  earth, 
et  er 


0  =  -0.002  h  / dt  radians, 

et,  r  te,  re  Lt,  r 


and  for  extremely  irregular  terrain  it  has  been  found  that  median  values  are  nearly 


6  =  (Ah/2)/(d  *  \0  )  radians, 

e t,  r  Lv,  r 


Using  dT  /d.  and  (1  -  d  / d  )  respectively  as  weights,  the  followi 

Lt,  r  i. at,  r  Li,  r  Lst,  r 

formula  is  suggested  for  estimating  6^  ^  when  this  parameter  is  unknown;. 
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_  0.0005  r/dL»t.r 


et,  r  d 


Lit, 


:K 


Lt,  r 


1  i  Ah  -  4  h 
)  te- 


radians 


(I.  21a) 


0^  *  ®et+  ®er  or  ®e  9  *  whichever  is  larger  algebraically.  (I.  21b) 

As  explained  following  (1. 12),  the  formulas  for  A  require  a  path  distance  d  greater 

a 

than  d  .  1  or  a  line -of- sight  path  d  is  always  less  than  <i  ,  so  A  is  calculated  for  the 

3  L  d 

distances  d.  and  d  given  by  (I.  13)  and  a  straight  line  through  the  points  (A.,  d_)  and  (A  ,d.) 

3  4  j  3  4  4 

is  extrapolated  back  to  the  desired  value  (A,  d) .  This  straight  line  has  the  formula 


A  =  A  +  Md  db 
d  e 


(I.  22) 


where 


M  =  (A .  -A.  )/(d  -d)  db/km 

d4  dj  4  3 

(I.  23) 

A  =  A  -  Md  db. 
e  di  * 

(I.  24) 

The  straight  line  given  by  (I.  22)  intersects  the  level  A£ 

where  the  path  distance  is 

d£  s  (A  -  A  )/M  km. 

(1.25) 

For  d  s  d.f  A  =  A_, 
f  cr  f 

(I.  26a) 

For  d  >  d.,  A  =  A 

f  cr  d  • 

(1. 26b) 

1.3.6  Ranges  of  the  Prediction  Parameters 
These  estimates  of  A^  are  Intended  for  the  following  ranges  of  the  basic  parameters: 

TABLE  1.2 


20  s  fs  40,  000  MHs 

k/2  s  h  £  10,  000  m 
te,  re 

•d^/|S  0^  s  0.2  radians 

O.ld  sd,  s)d 

Lst  Lt  Lst 

0  s  Ahs  500  m 


1  £  d  £  2000  km 
250  £  N  £  400 


Oi  A.  £  50  db 

bs 

O.ld.  £  dT  £  3  dT 
Lsr  Lr  Lsr 
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I.  3.  7  Sample  Calculations 

Table  1.  3  lists  a  set  of  sample  calculations  referring  to  the  example  introduced  after 

Table  I.  1.  Values  for  the  following  independent  parameters  are  assumed:  h  =  1  50  m  ,  h 

te  re 


10  m  ,  Ah  : 


50  m,  N  =  30 1  ,  f  -  700  MHz  .  d  =  49.CTkm,  d 

s  Lt  I.r 


8.  2  km.  0  -  -0.00634 


radians,  =  0  db .  An  appropriate  equation  number  is  listed  in  parentheses  after  each  of 

the  calculated  parameters  In  Table  1.3.  Kor  these  calculations  the  arbitrary  distance  d  was 

Z  *  ^ 

set  equal  to  d^  +  1  instead  of  d^  4  0.3(n  /  0  3 

TABLE  I.  3 


dL  =  57.2  km 
Ah/k  =  116.8 
d3  =  58.2  km 
0^  =  0.000 514  rad. 
v3  =  0.096 


H-4) 


*13 

*23 


0.0174 

0.0166 


V3  p3  =  °*  10 
p3=  1.04 

A  (Vy  0)  =  6.9  db 

A  (vi  y  0)  =  6.2  db 

A  (v^,  0)  =  6.  2  db 

A  (0,  p3)  =  16.0  db 

U  (v3*  P3)  =  -  .9  db 

K3  =  12.4  db 

R3  =  18,  1  dB 

3  03+  dL 


=  1.0  58 


A3  =  0,  667 

A  -  29.  5  db 
d) 


V3 


0.0299 


A  =  29.  5  db 
crj 


For  this  example,  ,M  •  0.619  db/km,  A 
basic  transmission  loss  L 


a  =  8493  km 

(1.6) 

A(  =  9.3 db 

(1.20) 

d  =  105.  1  km 

4 

(1.13) 

0 .  =  0.00603  rad. 

4 

(1.5) 

v  =  1.95 

4 

(1.7) 

v,  4  =  1.014 

14 

(1.8) 

v24  =  0.546 

(1.8) 

=  1.87 

(1.9) 

p4=0.96 

(1.9) 

A  (v  ,  0)  *  18.9  db 

4 

(X.  10) 

A  (v  .0)  =  14.0  db 

1 4 

(I.  10) 

A  (v  ,  0)  =  10.6  db 

(I.  10) 

A  (0,  p^)  s  14.  7  db 

(I.  U) 

U  (v  ,  p  )  =  14.7  db 

4  4 

(1,1.2) 

K  .  =  24.6  db 

4 

(1.6) 

R  =  55.  3  db 

4 

(1.5) 

a  6  +  d 

- ;; - *  1  032 

d4 

A .  =  0. 669 

4 

(I.  3b) 

A  =  58. 5  db 

d4 

(I.  3a) 

d,  0  =0.634 

4  4 

11*  3.8  db 

04 

(I.  16) 

S  -  -  56.  5  db 

4 

(1.15) 

A  =  49.  1  db 
b4 

(I.  M> 

A  =  49.  1  do 

c  r  > 

lb ,  and  d  =  2  5.  5  kn 

l 

1  he  corresponding 

lor  dista:u  es  It  ss 

ber 

than  d  are  98. 65  + 

her 

20  log  d  db  and  97.62  -  20  log  d  db,  respectively,  corresponding  to  a  constant  value  A 
A^  ■'*  9.  3  db  ,  In  general: 
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-bcr  =  32.45+  20  log  d  +  20  logf  +  A  <|b 


bcr  3  92  -  20  log  d  -  A 


cr 


db 


F°r  the  examPl'  given  above,  L 


her*  =  I7'«db. 


bcr*  ~  154-Z  db,  L 


b„4  =  178.9  db,  =  42. 1  db. 


And 
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Annex  II 

AVAILABLE  POWER,  FIELD  STRENGTH  AND  MULTIPATH  COUPLING  LOSS 

IL  1  Available  Power  from  the  Receiving  Antenna 

The  definition*  of  system  lo«*  and  transmission  loss  in  volume  1  depend  on  the  concept 
of  available  power,  the  power  that  would  be  delivered  to  the  receiving  antenna  load  if  its 
impedance  were  conjugately  matched  to  the  receiving  antenna  impedance,  For  a  given  radio 
frequency  v  in  hertz,  let  z^,  z^  ,  and  z^  represent  the  impedances  of  the  load,  the 
actual  lossy  antenna  in  its  actual  environment,  and  an  equivalent  loss -free  antenna,  res* 
pectively: 


zt  =  r .  +  i  x. 

<v  fv  fv 

(U.  1«0 

*»  =  r»  +  i  x* 

V  V  V 

(n.  lb) 

z  =  r  +  ix 

V  V  V 

(U.  lc) 

where  r  and  x  represent  resistance  aud  reactance,  respectively.  Let  rep* 

resent  the  power  delivered  to  the  receiving  ante,.na  load  and  write  w^  and  w^,  respectively, 
for  the  available  power  at  the  terminals  of  the  actual  receiving  antenna  and  at  the  terminals 
of  the  equivalent  loss-free  receiving  antenna.  If  v*v  is  the  actual  open-circuit  r,m,t>* 
voltage  at  the  antenna  terminals,  then 


w 


fv 


(11.*) 


When  the  load  impedance  conjugately  matches  the  antenna  impedance,  so  that  z ^  =  z ^  or 
rfv  =  rv  anii  Xiv  =  1  (H*2)  shows  that  the  power  w^y  delivered  to  the  load  is  equal  to 

the  power  available  from  the  actual  antenna: 


(II.  3) 


Note  that  the  available  power  from  an  antonna  depends  only  upon  the  characteristics  of  the 
antenna,  its  open-circuit  voltage  v^,  and  the  resistance  r*  ,  and  is  independent  of  ihe  load 
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impedance.  Comparing  (II.  2)  and  (II,  3),  we  define  a  mismatch  lots  factor 


such  that  the  power  delivered  to  a  load  equals  When  the  load  impedance  conju¬ 
gally  matches  the  antenna  impedance,  has  its  minimum  value  of  unity,  and  « 

w1^.  For  any  other  load  impedance,  somewhat  less  than  the  available  power  is  delivered  to 
the  load.  The  power  available  from  the  equivalent  loss-free  antenna  is 


will' r v  v ^  is  the  open  circuit  voltage  for  the  equivalent  loss-free  antenna. 

Comparing  (II.  3)  and  (II,  5),  it  should  be  noted  that  the  available  power  w*  at  the 

terminals  of  the  actual  lossy  receiving  antenna  is  less  than  the  available  power  w  ml  w* 

r  aw  arw  aw 

for  a  loss- free  antenna  at  the  same  location  as  the  actual  antenna: 


* 


* 


w  r 1  v 
i  fe-ii 
•rV  r  v»* 


Tin*  open  circuit  voltage  v1^  for  the  actual  lossy  antenna  will  often  be  the  same  as  the  open 
tin  uit  voltage  for  the  equivalent  loss-free  antenna,  but  each  receiving  antenna  circuit 
inu&t  he  considered  individually. 

Similarly,  for  the  transmitting  antenna,  the  ratio  of  the  total  power  delivered  to 
the  antenna  at  a  frequency  w  is  I  times  the  total  power  radiated  at  the  frequency  w: 


fetw  *  Vwtl,  • 


The  concept  of  available  power  from  a  transmitter  is  not  a  useful  one,  and  I  for  the  trans¬ 
mitting  antenna  is  best  defined  as  the  above  ratio.  However,  the  magnitude  of  this  ratio  can 
lie  obtained  by  calculation  or  measurement  by  treating  the  transmitting  antenna  as  a  receiving 
antenna  and  then  determining  4  to  be  the  ratio  of  the  available  received  powers  from  the 
equivalent  loss-free  and  the  actual  antennas,  respectively. 

General  discussions  of  I  are  given  by  Cnchlow  et  al.(  1955]  and  in  a  report  pre¬ 
pared  under  COIR  Resolution  No.  1  (Geneva  1963c],  The  loss  factor  f was  successfully 
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** 


determined  in  one  cage  by  measuring  the  power  radiated  from  a  loss-free  target  trans¬ 
mitting  antenna  and  calculating  the  transmission  loss  between  the  target  transmitting  antenna 
and  the  receiving  antenna.  There  appears  to  be  no  way  of  directly  measuring  either  t  or 
without  calculating  some  quantity  such  as  the  radiation  resistance  or  the  transmission 
loss.  In  the  case  of  reception  with  a  unidirectional  rhombic  terminated  in  its  characteristic 
impedance,  could  theoretically  be  greater  than  Z  [Harper,  1941),  since  nearly  half 

the  received  power  is  dissipated  in  the  terminating  impedance  and  some  is  dissipated  in  the 
ground.  Measurements  were  made  by  Christiansen  [1947]  on  single  and  multiple  wire  units 
and  arrays  of  rhombics.  The  ratio  of  power  lost  in  the  termination  to  the  input  power  varied 
with  frequency  and  was  typically  less  than  3  dh. 

For  the  frequency  band  v.  to  v  it  is  convenient  to  define  the  effective  loss  fac- 
l  m 

tors  L  and  L  ^  as  follows: 
er  et 


L  •  10  log 
er  6 


-  u  10  log 


The  limits  ana  on  the  integrals  (IX.  8)  and  (XI.  9)  are  chosen  to  include  es¬ 
sentially  all  of  the  wanted  signal  modulation  side  bands,  but  is  chosen  to  be  sufficiently 
Urge  and  sufficiently  small  to  exclude  any  appreciable  harmonic  or  other  unwanted  radia¬ 
tion  emanating  from  the  wanted  signal  transmitting  antenna. 


IM 
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II.  Z  Propagation  Los*  and  Field  Strength 

This  subsection  defines  terms  that  are  most  useful  at  radio’ frequencies  lower' than 
those  where  tropospheric  propagation  effects  are  dominant. 

Repeating  the  definitions  of  r  and  r1  used  in  subsection  II*  1#  and  Introducing  the  new 

pa rumetor  : 

r  =  antenna  radiation  resistance, 

l»*'  ; 

r*  =  resistance  component  of  antenna  input  impedance, 

r  r,  =  antenna  radiation  resistance  in  free  space, 
ft,  fr 

where  subscripts  t  and  r  refer  to  the  transmitting  antenna  and  receiving  antenna,  respec¬ 
tively.  Next  define 


L  «  10  log  (rprt).  L#r  «  10  log  (rpr^ 
L(t  ■  10  log  (*;/*{t).  Lfr  -  10  log  (rpr{r) 


(II.  10) 


(U.  11) 


Lrt-10  log(rt/rft).Lft-Let 


(n.  12) 


L  «  10  log  (r  /  r  )  «  Lc  -  L 
rr  *  t  fr  fr  er 


(II,  13) 


[Actually,  (11.8)  and  (11,9)  define  L#t  and  l-ep  while  (U.  10)  defined  r(  and  rf,  given 
and  rJJ . 


Propagation  loss  first  defined  by  Wait  [1959]  is  defined  by  the  CCIR 
(1963a)  as 

L«L-L-L,  «L-L  -  L  db. 
p  s  ft  fr  rt  rr  * 


(IX.  14) 


Basic  propagation  loss  is 


=  L  ♦  C 
P  P 


(UAb) 


Basic  propagation  loss  in  free  space  is  the  same  as  the  basic  transmission  loss  in  free  space, 
Lbf*  de*ined  by  (II.  74), 

The  ,ystem  loss  Lg  defined  by  (2,1)  is  a  measurable  quantity,  while  transmission  loss 
L,  path  loss  L^,  basic  transmission  loss  L^,  attenuation  relative  to  free  space  A,  propa¬ 
gation  loss  L^,  and  the  field  strength  E  are  derived  quantities,  which  in  general  require  a 
theoretical  calculation  of  Lgt  ^  and/or  Lj  ^  as  well  as  a  theoretical  estimate  of  the  loss 

in  path  antenna  gain  L  • 

KP 
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The  following  paragraphs  explain  why  the  concept*  of  effective  power,  and  an 
equivalent  plane  wave  field  strength  are  not  recommended  for  reporting  propagation 


A  half-wave  antenna  radiating  a  total  of  w  watts  produces  a  free  space  field 
intensity  equal  to 


s  =1.64  \v  /(4trr^)  watts/km^ 
o  t 


(II.  16; 


at  a  distance  r  kilometers  in  its  equatorial  plane,  where  the  directive  gain  is  equal  to  its 
maximum  value  1.64,  or  2. 15  db.  The  field  is  linearly  polarized  in  the  direction  of  the 
antenna.  In  general,  the  field  intensity  at  a  point  r  in  free  space  and  associated  with 
the  principal  polarization  for  an  antenna  is 


(7)  =  w  g  (f)/(4irr^)  watts/ km^ 
P  t  P 


(II.17) 


as  explained  In  a  later  subsection.  In  (II.  17),  r  =  r  r  and  r)  is  the  principal  polarization 
directive  gain  in  the  direction  r  ,  A  similar  relation  holds  for  the  field  intensity  s^fr)  as¬ 
sociated  with  the  cross-polarized  component  of  the  field. 

Effective  radiated  power  is  associated  with  a  prescribed  polarization  for  a  teat  antenna 
and  Is  determined  by  comparing  s^  as  calculated  using  a  field  intensity  meter  or  standard 

signal  source  with  s  as  measured  using  the  test  antenna: 

P 

Effective  Radiated  Power  »  W  +  10  log{s  /•  )  =  W  +  G  (r  )  -  2.  16  dbw  (II.  18) 

t  pot  pt  l 

where  G^(? ^)  la  the  principal  polarization  directive  gain  relative  to  a  half-wave  dipole  in  the 
direction  r  towards  the  receiving  antenna  in  free  space,  and  in  general  Is  the  initial  direction 
of  the  most  important  propagation  path  to  the  receiver, 

These  difficulties  in  definition,  together  with  those  which  sometimes  arise  in  attempting 
to  separate  characteristics  of  an  antenna  from  those  of  its  environment,  make  the  effective 
radiated  power  an  inferior  parameter,  compared  with  the  total  radiated  power  \v  ,  which 
can  be  more  readily  measured.  The  following  equation,  with  W  determined  from  (II.  18), 
may  be  used  to  convert  reported  values  of  Effective  Radiated  Power  to  estimates  of  the  trans¬ 
mitter  power  output  when  transmission  line  and  mismatch  losses  and  the  power 

radiation  efficiency  1/i^  known: 


w1,=  'VL(,-V *>• 


(II.  19) 


The  electromagnetic  field  is  a  complex  vector  function  in  space  and  time,  and  informa¬ 
tion  about  amplitude,  polarization,  and  phase  is  requi^d  to  describe  it.  A  real  antenna  re¬ 
sponds  to  the  total  field  surrounding  it,  rather  than  to  E,  which  corresponds  to  the  r.m.  e. 
amplitude  of  the  usual  "equivalent11  electromagnetic  field,  defined  at  a  single  point  and  for  a 
%pecified  polarization. 
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Consider  the  power  mrt|td  over  each  half  cycle  me  the  “instantaneous”  available 
signal  power, 

wf  *  v2/Ry  watte 

where  v  is  the  r.m.  e.  signal  voltage  and  Hy  la  the  real  part  of  the  impedance  of  the  re¬ 
ceiving  antenna,  expressed  In  ohms.  The  signal  power  available  fron>  an  actual  receiving 
antenna  is  a  directly  measurable  quantity. 

The  field  strength  and  power  flux  density,  on  the  other  hand,  cannot  be  measured  di* 
rcctly,  and  both  depend  on  the  environment.  In  certain  idealised  situations  the  relationship 
of  field  strength  s ,  and  power  flux  density,  s,  to  the  available  power  may  be  expressed  as 

s  »  e2/*  =  w^4v/(gX2)  watts /m2 

where  e  is  the  r.m.s.  electric  Reid  strength  in  volts/m,  a  is  the  impedance  in  free  space 
in  ohms,  \  is  the  free  space  wavelength  in  meters  and  g  is  the  maximum  gain  of  the  re¬ 
ceiving  antenna. 

The  common  practice  of  carefully  calibrating  a  field  strength  measuring  system  in  an 
idealised  environment  and  then  using  It  In  some  other  environment  may  lead  to  appreciable 
errors,  especially  when  high  gain  receiving  antennas  are  used. 

For  converting  reported  values  of,  E  in  dbu  to  estimates  of  or  estimates  of 


the  available  power  W  at  the  input  to  a  receiver,  the  following  relationships  may  be  use- 

‘ 

ful: 

W..  s  E  +  Lk.  +  !»-.  -  G,  +  L  .  •  20  logf  -  107.22  dbw 

It  It  ft  t  pb 

(n.  aoy 

W  a  E  *  L.  -  L  +  G  •  L  -  20  logf  -  107.22  dbw 

Ir  Ir  fr  r  gp  * 

(U.  21) 

J  ' 

5 

*1,  =  K  -  L,r  '  \  ■  L„  -  Ll,  db* 

(II.  22) 

t 

■% 

In  terms  of  reportsd  values  of  field  strength  E  ^  in  dbu  per  kilowatt  of  effective 

radiated  power,  estimates  of  the  system  loss,  L  ,  basic  propagation  lost  L  , ,  or  basic 

S  pD 

transmission  loss  may  bo *de rived  from  the  following  equations, 

>;• 

L.  *  +  Let  +  Lfr  -  Gp  +  Gt  -  G^)  +  20  logf  -  E^  db 

(H.  23) 

}' 

V  -  l*9.37  .  Lrt  ♦  Gt  -  G^Jj)  +  20  logf  -  db 

(U.  24) 

if* 

\  =  139.37  +  Lrr  +  Gt  .  Gpt(r  j)  +  20  logf  -  E^  db 

(U.  25) 

provided  that  estimates  are  available  for  all  of  the  terms  in  these  equations. 
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For  an  antenna  whqte  radiation  resistance  is  unaffected  by  the  proximity  of  its  en¬ 
vironment,  L  =  L  =0  db.  L  *L  .  and  L.  =  JL  .In  other  cases,  especially  impor- 

rt  rr  ft  et  fr  er 

tant  for  frequencies  less  than  30  MHz  with  antenna  heights  commonly  used,  it  is  often  as- 

sumed-that  L  =  L  =  3.01  db.  L,  =  L  +  3.01  db.  and  L,  =  L  +3.01  db.  corresponding 

rt  rr  ft  et  fr  er  . 

to  the  assumption  of  short  vertical  electric  dipoles  above  a  perfectly-conducting  infinite  plane. 

At  low  and  very  low  frequencies.  L  .  L  .  L  .  and  L  may  be  very  large.  Propagation 

et  er  It  ir 

curves  at  HF  and  lower  frequencies  may  be  given  in  terms  of  or  so  that  it  is  not 

necessary  to  specify  and  . 

Naturally,  it  is  better  to  measure  directly  than  to  calculate  it  using  (II.  23V  It 

may  be  seen  that  the  careful  definition  of  Lg,  L  f  L,  or  is  simpler  and  more  direct 

than  the  definition  of  L^,  L^,  A,  or  E.  . 

The  equivalent  free -space  field  strength  E  in  dbu  for  one  kilowatt  of  effective 

o 

radiated  power  is  obtained  by  substituting  W^£  =  W£  =  Effective  Radiated  Power  =  30  dbw , 

Gp£(r  j)=G£=2.  15db,  L^£=L^=0db.  and  Lpb=  in  (11,18)  -  (11.20),  where  is  given  by  (2.  16): 


E^  =  106.92  -  20  lagd  dbu/kw 


(II.  26) 


where  r  in  (2.  16)  has  been  replaced  by  d  in  (II.  26).  Thus  e  is  222  millivolts 

o 

per  meter  at  one  kilometer  or  138  millivolts  per  meter  at  one  mile.  In  free  space,  the 
"equivalent  inverse  distance  field  strength",  E^,  is  the  same  as  Eq.  If  the  antenna  radia¬ 
tion  resistances  r  and  r  are  equal  to  the  free  space  radiation  resistances  r.  and 
t  r  ft 

rfr*  t^Cn  35)  provides  the  following  relationship  between  E  with 


^ikw  =  *39*37  +  20  logf  -  dbu/kw 


(II,  27) 


Consider  a  short  vertical  electric  dipole  above  a  perfectly-conducting  infinite  plane,  with  an 

\ 

effective  radiated  power  =  30  dbw,  G£  =  1.76  db,  and  L  =  3,01<db,  From  (II.  18)  W£  =  30,  39 

dbw*  since  G  (r.)  =  1.76  db.  Then  from  (11.26)  the  equivalent  inverse  distance  field  is 
pt  1 


E=E  +  L  ,  +  L  =  109.54  -  20  logd  dbu/kw 
I  o  rt  rr 


(II.  28) 


corresponding  to  =  300  mv/m  at  one  kilometer,  or  e^  =  186.4  mv/rn  at  one  mile.  In 
this  situation,  the  relationship  between  E  .  ^  and  is  given  by  (II.  2a)  as 


Elkw  =  142.  38  +  20  log  £  .  1^  dbu/kw 


(U-  29) 
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The  foregoing  enggeet*  the  following  general  expressions  for  the  equivalent  free  space  field 

strength  E  -  and  the  equivalent  inverse  distance  field  E  : 

o  1 

Eo  =  (Wt  -  Lrt  +  Gt)  -  20  logd  +  74.77  dbu  (fi.  30) 

EI  =  Eo  +  Lrt  +  Lrr  ** 

Note  that  I,  in  (II,  30)  is  not  zero  unless  the  radiation  resistance  of  the  transmitting 
antenna  in  its  actual  environment  is  equal  to  its  free  space  radiation  resistance.  The  defi¬ 
nition  of  "attenuation  relative  to  free  space"  given  by  (2.20)  as  the  basic  transmission 
loss  relative  to  that  in  free  space,  may  be  restated  as 

A  =  \  ~  Hf  =  L  *  Lf  =  EX  *  E  ,db  (U.  32) 

Alternatively,  attenuation  relative  to  free  space,  A t#  might  have  been  defined  (as  it  some¬ 
times  is)  as  basic  propagation  loss  relative  to  that  in  free  space; 

At  =  VLbf  =  A-Lrt-Lrr  =  Eo-E  db  33> 

For  frequencies  and  antenna  heights  where  these  definitions  differ  by  as  much  as  6 

db,  caution  should  be  used  in  reporting  data.  For  most  paths  using  frequencies  above 

50  MHz,  L  .  +  L»  is  negligible,  but  caution  should  again  be  used  if  the  loss  in  path 
rt  rr 

antenna  gain  is  not  negligible.  It  is  then  important  not  to  confuse  the  "equivalent11 

free  space  loss  given  by  (2.  19)  with  the  loss  in  free  space  given  by  (2. 18). 
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n.3  MutfiPATii ^^eoyptjNC  X-oss.  ; 

Ordinarily,  to  minimize  the  transmission  loss  betwcen  two  aritennas^  they  are  oriented 

to  take  advantage  of  maximum  directive  gains  (directivity)  and  thc:polarization*  are  matched,  ^ 
This. maximizes  the  path  antenna  gain.  W  ith  a  single  uniform  p  1  o  n  c  wav  e  inc  id  c  nt  up  on  a  re. 
ceiying  antenna,  there  will  be  a^reducfi6h;’ih?&c^p^^4transt^reUHf^e^Mten]^beam4sAno|^ 
oriented  for  maximum  free  space  gain.  If  tlie^polar izationbf  iKc  r yceiving; antenna;  i§ £ matched, 
to  that  of  the  incident  wave,  this  loss  in  path  antenna  gain  is  due  to^qrien^ 
and  if  there  is  .a  polarization  mismatch,  there  "will  be  an7additi OiTal*  l1 polarization  c buplihgtioss'i* 
In  general,,  more  than  one  plane  wave  wil  L  be  incidentVupon!avr'ec eiv ihg^antemia  from; ^single; . 
source  because  of  reflection,  diffraction,  dr  scattering  by 'terrain  oratmosphericcihHombge-*. 
neitics.  Mismatch  between  the  relative  phases  of  the s c  wav e s  and  the  - r e lative  phas es*bf(the 
receiving  antenna  response  in  different  directions"  vvUI  contriBute  to ;a' ’’ multipath  jeouj^ 
which  will  include  orientation,  polarization,  and  phase  mismatch  effects.  If  multipath  propa¬ 
gation  involves  non-uniform  waves  whoso  amplitudes,  polarizations,  and  phases  can  6hly.be. 
described  statistically,  the  corresponding  loss  in  path  antenna  gain  will  include  Mahtchna-to- 
medium  coupling  loss”,  a  statistical  average  of  phase  incoherence  effects. 

This  part  of  the  annex  indicates  lio\v  multipath  coupling  loss  may  be  calculated  .wbeh^irU 
cident  waves  are  plane  and  uniform  witlv  known  phases,  and  when  the  directivity,  poiarizatlpn,^ 
and  phase  response  of  the  receiving  antenna  are  kn^wn  for  every  direction.  It  is  assumed ^ that 
the  radiation  resistance  of  the  receiving  antenna  is~unafiVctod  bytits  environment,  ahd^that'the* 
electric  and  magnetic  field  vectors  of  every  incident  wave  are  perpendicular  to  each  other -and 
perpendicular  to  the  direction  of  propagation, 

II,  1,  1  Representation  of  Complex  Vector  Fields 

Studying  the  response  of  a. receiving  antenna  to  coherently  phased  plane  waves  with 
several  different  directions. of  arrival,  it  is  convenient  to  locale  the  receiving  ahtenha  at  the 
center  of  a  coordinate  system,  A  radio  ray  traveling  a  distance  r  from  a  transmitter  to  the 
receiver  may  be  refracted  or  reflected  so  that  its  initial  ami  final  directions  are  different; 

If  -  ?  is  the  direction  of  propagation  at  the  receiver,  r  sfr  is  the  voi  tor  distance  from  the 
receiver  to  the  transmitter  if  the  ray  path  i*  a  straight  hue,  led  nut  otherwise, 

A  paper  by  Kales  ( 1951]  shows  how  tin?  amplitude,  phn-v,  and  polarization  of  a  uniform, 
monochromatic,  elliptically  polarized  and  louaUv  plane  wave*  may  In*  expressed  with  the  aid 
of  complex  vectors.  For  instance,  such  a  wave  may  he  expressed  as  the  real  part  pf  the  sum 
of  two  linearly  polarized  complex  plane  amw%  \~J  e^  exp(i  -).  .md  \'JT  e.exp(iT),  These 
components  are  in  lime  pha*e  quadrature  anti  triwl  m  the  same  direction  -P,  where  i  =  \f  - 1 
and  and  e.  are  real  vector*  perpend**  ».l  ir  to  ?,  I  In-  vector  J  +  ie.  is  then  a  complex 
vector.  Field  strengths  are  denoted  in  \olu/km  (10^  microvolt*  per  meter)  and  field  inten¬ 
sities  in  watts/km^  (10”^  milliwatts  per  square  meter),  «imv  all  lengths  are  in  kilometers. 
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The  time -varying  phase 


t  *  k(ct  -  r) 


(It.  34) 


is  a  function  of  the  free- space  wavelength  X,  the  propagation  constant  k  *  2 ir/X,  the  free- 
space  velocity  of  radio  waves  c  =  299792.5  ±  0.3  km/sec,  the  tinpe  t  at  the  radio  source, 
and  the  length  of  a  radio  ray  between  the  receiver  and  the  source. 

Figure  11-1  illustrates  three  sets  of  coordinates  which  are  useful  in  studying  the  phase 
and  polarisation  characteristics  associated  with  the  radiation  pattern  or  responoe  pattern  of 
an  antenna.  Let  r  =  f  r  represent  the  vector  distance  between  the  antenna  and  a  distant  point, 
specified  either  in  terms  of  a  right-handed  cartesian  unit  vector  coordinate  system  $o,  ^ 

$2  or  in  terms  of  polar  coordinates  r,  0,  4>: 


r  *  £  r  =  St  x.  +  x,  ♦  x-, 

o  0  11  2  2 


2 

r 


(II.  55a) 


xo«rcos0,  «  r  sinOcos^,  x^«rsin0sin  + 


(U.  35b) 


f  a  f  (0,  4>)  *  £qcos  ®  cos  ♦  ♦  ^ 


(II.  35c) 


As  a  general  rule,  either  of  two  antennas  separated  by  a  distance  r  is  in  the  far  field  or 
radiation  field  of  the  other  antenna  if  r  >  2D^/X,  where  D  is  the  largest  linear  dimension 
of  either  antenna. 

The  amplitude  and  polarization  of  electric  field  vectors  e^  and  e^»  perpendicular 
to  each  other  and  to  P,  is  often  calculated  or  measured  to  correspond  to  the  right-handed 
cartesian  unit  vector  coordinate  system  ?,  $Q#  illustrated  in  figure  XX*  l.  The  unit  vector 
£  is  perpendicular  to  f  and  St  ,  and  is  perpendicular  to  S  and  f.  In  terms  of  vector 

6  O  0  9 

cross-products: 


e  .  =  (f  x  St  )/sin0  *  St.  sin$  -  St ,  cos$  (U.  36a) 

9  0  12 

{a  =  SiXf  «(«  -  f  cos  0)/,in0.  (U.  36b) 

•  0  9  o 

The  directive  gain  g,  a  scalar,  may  be  expressed  as  the  sum  of  directive  gains  g^  and 

g  associated  with  polarization  components  ?A£eAeA  and  e  *e  e  ,  where  the  coeffi* 

9  0  0  0  9  9  9 

cients  e  and  e  are  expressed  in  volts /km : 

0  9 

(u‘37) 

Subscripts  t  and  r  are  used  to  refer  to  the  gains  g  and  g  of  transmitting  and  receiving 

1  r  2 

antennas,  while  g  is  the  ratio  of  the  available  mean  power  flux  density  and  e  /r\  ,  where 
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as  defined  by  (II.  38)  is  the  free  space  field  strength  at  a  distance  r  in  kilometers  ftom 
an  isotropic  antenna  radiating  w  watts  : 


2 

a  l^oWt  /t^r  )j  volts /km 


(IL  38) 


Here,  =  4ttc  .  10  =  376.7304  ±  0.0004  ohms  is  the  characteristic  impedance  of  free 

space.  The  maximum  amplitudes  of  the  6  and  <$>  components  of  a  radiated  or  incident  field 
are  |  e^| 'v/T  and  |  e  |  s/T ,  where 


"*0I  =  Ce  =  *og0  V0lt8/km‘  I  %l  =  %  =  Co**  volts/kin- 


(H.  39) 


If  phases  Trt  and  t  are  associated  with  the  electric  field  components  ea  and  e,,  which 

0  9  0  9' 

are  in  phase  quadrature  in  space  but  not  necessarily  in  time,  the  total  complex  wave  at  any 
point  r  is 

s/T(7r  +  iT.)exp(iT)  =  s/T  [70exp(iTe)  +TJ>exp(i  t  )  ]  exp(ir).  (11.40) 

From  this  expression  and  a  knowledge  of  en  .  t  .t  we  may  determine  the  real  and  imaginary 
components  and  e.,  which  are  in  phase  quadrature  in  time  but  not  necessarily  in  space; 


e  e  =  eQ  cos  +  e  cos  t. 

r  r  r  0  0  <|>  d 


(II.  41a) 


e.  52  $,  e.  =  c.smT.  +  e.  sinT. 

iii  0  0  4>  6 


(II.  4  lb) 


The  next  section  of  this  annex  introduces  components  of  this  wave  which  are  in  phase  quadrature 
m  both  time  and  space. 
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II.  3.  2  Principal  and  Cross-Polarization  Components 
Principal  and  cross -polarization  components  of  an  incident  complex  wave 
sfT  (  +  ie^)exp(ir)  may  be  defined  in  terms  of  a  time- independent  phase  which  is  a 

function  of  r  [Kales,  1951].  If  we  write 

«r  +  =  (*i  +  Tt)  (11.42) 

and  solve  for  the  real  and  imaginary  components  of  the  complex  vector  e^  +  ie^,  we  find  that 

7.  «  £.  e,  *7  cost  +T  sin T,  (II.43a) 

A  Air  Al  1 

e^2e2  =^icoaTi"  er,inTi#  (II. 43b) 


Whichever  of  these  vectors  has  the  greater  magnitude  is  the  principal  polarization  component 
7p,  and  the  other  is  the  orthogonal  cross- polarization  component  Tj 


2  2  2  2  2  —  — 
et  *  e  cos  r.  4  e,  sin  t.  4  e  •  e.  sin(2T.) 
1  r  i  i  i  r  i  '  i# 


(II.  44a) 


2  2  2  2  2  — 
e,  =  e  sin  t.  4  e.  cos  t.  -  e  •  e.  sin(27.U 
2  r  i  i  l  r  i  '  r 


The  phase  angle  is  determined  from  ths  condition  that  e^  •  e^  •  0: 


tan(2T.)  ■  2T  *7.  /(e  2  -  e,2). 
'a7  r  a  '  r  i  1 


(II.  44b) 


(II*  45) 


Any  incident  plane  wave,  traveling  in  a  direction  -?  is  then  represented  as  the  real 
part  of  the  complex  wave  given  by 


\f7"7ex P[Mt  4  t.)]  £  *JT  (7  4  i7c)exp[i(T4  t.)]  , 


(II.  46) 


The  principal  and  cross-polarization  directions  £  and  £  are  chosen  so  that  their  vector 

P  c 

product  is  a  unit  vector  in  the  direction  of  propagation: 


£  x  £  =  -f. 

P  c 


(II,  47) 
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A  bar  is  used  under  the  symbol  for  the  complex  vector  e_  a  e^  +  iec  in  (IL46)  to  distinguish 

it  from  real  vectors  such  as  e„,  e ,,  e  ,  e.,  e  ,  and  7  .  The  absolute  values  of  the  vector 

ti  9  r  i  p  c 

coefficients  e  and  e  may  be  found  using  (XL 44). 

P  c 

As  the  time  t  at  the  transmitter  or  the  time  t  at  the  receiver  increases ,  the  real 
vector  component  of  (XL  46) ,  or  11 polarization  vector11 , 


n/T  [e^cos(T  ♦  t.)  -  e^  sin(T  +  T.)] 


describes  an  ellipse  in  the  plane  of  the  orthogonal  unit  vectors  6^  =  ep/ep  am*  ®c  =  ec^€c* 

Looking  in  the  direction  of  propagation  -r(8,<J>)  withe  and  e  both  positive  or  both  negative, 

p  c 

we  see  a  clockwise  rotation  of  the  polarization  vector  as  t  increases* 

Right-handed  polarization  is  defined  by  the  IRE  or  IEEE  and  in  CCIR  Report  321  [  1963m]  to 
correspond  to  a  clockwise  rotation  of  a  polarization  ellipse,  looking  in  the  direction  of  prop¬ 
agation  with  r  fixed  and  t  or  t  increasing*  This  is  opposite  to  the  definition  used  in  classical 
physics* 

The  ‘’axial  ratio”  e^/e^  ci  the  polarization  ellipse  of  an  incident  plane  wave. 

sfT  e  exp  [  i  (t  +  t  )]  is  denoted  her**  as 
***  o  * 


a  c  e  /e 
x  c  p 


(11.48) 


and  may  be  either  positive  or  negative  depending  on  whether  the  polarization  of  the  incident 
wave  is  right-handed  or  left-handed.  The  range  of  possible  values  for  a^  is  -1  to+1. 
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II.  3,  3  Unit  Complex  Polarization  Vectors 

If  the  receiving  antenna  were  a  point  source  of  radio  waves,  it  would  produce  a  plane 

wave  */TTrexp[i(T  +  t^)]  at  a  point  r  in  free  space.  The  receiving  pattern  of  such  an 

antenna  as  it  responds  to  an  incident  plane  wave  ^/T  eexp[i(T  +  t^)]  traveling  in  the  opposite 

direction  -f  is  proportional  to  the  complex  conjugate  of  e  exp  (It  )  [S.  A*  Schelkunoff  and 

— r  r 

H.  T.  Friis,  1952]: 

[T  exp(iTf)]*  =  (7pr  -  i7cr)exp(.irr).  (11.49) 

The  axial  ratio  ®cr/«  r  the  type  of  wave  that  would  be  radiated  by  a  receiving  antenna 
is  defined  for  propagation  in  the  direction  ? .  An  incident  plane  wave,  however,  is  propagating 
in  the  direction  -P,  and  by  definition  the  sense  of  polarization  of  an  antenna  used  for  reception 
is  opposite  to  the  sense  of  polarization  when  the  antenna  *s  used  as  a  radiator.  The  polarization 
associated  with  a  receiving  pattern  is  right-handed  or  left-handed  depending  on  whether  a^ 
is  positive  or  negative,  where 


•  e  /e  , 
cr  pr 


e  =  -e  a  . 
cr  pr  xr 


(U,  50) 


The  amplitudes  |e  |  and  lCcr^  °*  ^  an{*  cross -polarization  field  components 

and  e^^  are  proportional  to  the  square  roots  of  principal  and  cross- polarization  directive 
gains  g^r  and  g^,  respectively.  It  is  convenient  to  define  a  unit  complex  polarization 
vector  which  contains  all  the  information  about  the  polarization  response  associated  with 
a  receiving  pattern: 


Jgr  '(«pr  +  i6_a_)(l 


cr  xr 


xr 


<U.51) 


&  S  g  /g 
xr  *cr  *pr 


(H.  52) 


The  directions  $  and  $  are  chosen  so  that 
pr  cr 


S 

P* 


=  f. 


(U.  53) 


In  a  similar  fashion,  the  axial  ratio  a^  defined  by  48)  the  orientations  and  ec 
of  the  principal  and  cross-polarization  axes  of  the  polarization  ellipse  completely  describe 
the  state  of  polarization  of  an  incident  wave  Texp[i(r  +  r)]9  and  its  direction  of  propa¬ 
gation  *!  =  y  c^,  The  unit  complex  polarization  vector  for  the  incident  wave  is 
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|  =T/|T|  =  (Sp  +  ificax)(l  +  (U.  54) 

The  magnitude  of  a  complex  vector  e  a  e  +  iT  is  the  square  root  of  the  product  of  £  and 
-*  — *  ^  ^ 

its  complex  conjugate  e^  -  i  ©c : 

|T|  =  ^ep  *  ec  ^  volts/km.  (XI.  55) 


'V 
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n.  3, 4  Power  Flux  Densities 

The  coefficients  e  end  e  of  the  unit  vectors  6  «sd  6  ere  chosen  to  be  r*m.  s* 
pc  pc 

values  of  field  strength,  expressed  in  volts  /km,  end  the  mean  power  flux  densities  s^  end 
*c  essocleted  with  these  components  ere 


s  «  e  2/n  watts/km*,  s  *e2/n  watts/km*, 
p  p  'o  c  c  'o 


{Hi  56) 


The  corresponding  principel  end  cross* polerieetion  directive  geins  g  end  g  ere 

P  c 

gp•4,,r2•p/wt,  *c*4wr  *e/yt 


(U.57) 


where  is  the  totel  power  redieted  from  the  trensmitting  antenna,  This  is  the  seme  rele* 
tlon  es  thet  expressed  by  (H.  39)  between  the  geins  g^,  end  the  orthogonel  polerieetion 

components  e  end  e  « 

0  * 

The  toul  meen  power  flux  density  s  et  eny  point  where  T  is  known  to  be  in  the  radi- 
etion  field  of  the  trensm  Jting  antenne  end  eny  reredieting  sources  is 

»c|e|^/rj  s  ge^/r)  «S  4s  s(iSe^)/») 

1  - 1  *o  o  ’o  p  c  p  c 9  *o 


=  (e*  *•  **)/\  *  w»tu/km2 


(U.5to| 


8  =  Bp  ♦  8C  s  8e  ♦  8,  »  <«r  »/pt  a  •  \/»‘c 


(U.  58b) 


where  is  given  by  (II,  38) .  The  power  flux  density  s  Is  proportionel  to  the  trensmitting 
antenna  gain  g{,  but  in  general  g  is  not  equal  to  g^  es  there  may  be  a  fraction  e^  of 
energy  absorbed  along  a  ray  path  or  scattered  out  of  the  path*  We  therefore  write 


g«ip(M«x2)-*J>,pl(l*ajf).4p,t( 


(H.  5V) 


The  path  absorption  factor  e^  can  elso.be  useful  in  approximating  propagation  mechanisms 
which  are  more  readily  described  as  a  sum  of  mode 9  then  by  using  geometric  optics*  For 
instance,  in  the  case  of  tropospheric  ducting  e  single  dominant  TEM  mode  may  correspond 
theoretically  to  an  infinite  number  of  ray  paths,  and  yet  be  satisfactorily  approximated  by 
a  single  great-circle  ray  path  if  ap  is  appropriately  defined.  In  such  a  case,  a  will 
occasionally  be  greater  than  unity  rather  then  less. 
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Orienting  a  receiving  dipole  for  maximum  reception  to  determine  and  for  minimum 
reception  to  determine  s^will  also  determine  e^  and  5^,  except  in  the  case  of  circular  polar¬ 
ization,  where  the  direction  of  in  the  plane  normal  to  r  is  arbitrary.  In  the  general 
case  where  Ja^]  <  1,  either  of  two  opposite  directions  along  the  line  of  principal  polarization 
is  equally  suitable  for  e  . 

Reception  with  a  dipole  will  not  show  the  sense  of  polar izatfoirr-  Right-handed  and  left- 
handed  circularly  polarized  receiving  antennas  will  in  theory  furnish  this  information,  since 
e  may  also  be  written  to  correspond  Co  the  difference  of  right-handed  and  left-handed  circu¬ 
larly  polarized  waves  which  are  in  phase  quadrature  in  time  and  space: 


e  ^  (e  4*  iS  ) 
—  p  c* 


e  +  e  \ 

£ _ 


!e  -  e  \ 
-  i(S  -  iS  )  -E-r-£ 

c  p  2 

/ 


(XI.  10) 


The  mean  power  flux  densities  s^  and  associated  with  right-handed  and  left-handed  polar¬ 
izations  are 


s  =  (e  4*  e  )2/(2q  )  watts/km2 
r  p  c  'o 


Sj  c  (e  -  ec)^/(2qQ)  watts/km2 


(11.61a) 

(II.  61b) 


,so  the  sense  of  polarization  may  be  determined  by  whether  s^/s^  is  .greater  than  or  less  than 
unity.  The  flux  densities  ana  are  equal  only  for  linear  polarization,  where  ec  =  0. 
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tt«  3*  5  Polarization  Efficiency 

The  polarization  efficiency  for  a  transfer  of  energy  from  a  single  plane  wave  to  the 
terminals  of  a  receiving  antenna  at  a  given  radio  frequency  may  be  expressed  as  a  function  of 
the  unit  complex  polarization  vectors  defined  by  (11*51)  and  (n.54)  'and  the  angle  between 
principal  polarization  directions  associated  with  7  and  7  .  This  polarization  efficiency  is 


wher  e 


lMrl 


cos^  (a  a  +  1)^  +  sin^4*  (a  +  a 
p  x  xr  _  p  x  xr 


(n,62) 


e 

P 


e 


cr 


cos  4>  * 
P 


$  .  e  =  $  .  $ 

p  cr  pr  c 


sin^  . 
P 


(11.63) 


As  noted  in  section  2  following  (2,11),  any  receiving  antenna  is  completely  "blind" 

to  an  incoming  plane  wave  \/T  eexp[i(t  +  t.)]  which  has  a  sense  of  polarization  opposite 

to  that  of  the  receiving  antenna  if  the  eccentricities  of  the  polarization  ellipses  are  the  same 

(laxl  1  laxrl)  an<*  ^  principal  polarization  direction  of  the  incident  wave  is  perpen* 

dicular  to  e  ,  In  such  a  case,  cos  4*  =0,  a  =  -a  ,  and  (11,62)  shows  that  the  polarization 
pr  ^  p  x  xr  '  r 

efficiency  j^rl  zero.  As  an  interesting  special  case,  reflection  of  a  circularly 

polarized  wave  incident  normally  on  a  perfectly  conducting  sheet  will  change  the  sense  of 

polarization  so  that  the  antenna  which  radiates  such  a  wave  cannot  receive  the  reflected  wave. 

In  such  a  case  a  =  -a  =  ±  1,  so  that  I  f  *  6  |  *  =  0  for  any'value  of  4*  , 
x  xr  J-r‘  7  p 

On  the  other  hand,  the  polarization  efficiency  given  by  (11.62)  is  unity  and  a  maximum 
transfer  of  power  will  occur  if  a^  =  and  4*p  =  0,  that  is,  if  the  sense,  eccentricity, 
and  principal  polarization  direction  of  the  receiving  antenna  match  the  sense,  eccentricity, 
and  principal  polarization  direction  of  the  incident  wave. 

For  transmission  in  free  space,  antenna  radiation  efficiencies,  their  directive  gains, 
and  the  polarization  coupling  efficiency  are  independent  quantities,  and  all  five  must  be 
maximized  for  a  maximum  transfer  of  power  between  the  antennas.  A  reduction  in  either  one 
of  the  directive  gains  g(-r)  and  g^(f)  or  a  reduction  in  the  polarization  efficiency  I  p  *  |> 
will  reduce  the  transfer  of  power  between  two  antennas. 

With  each  plane  wave  incident  on  the  receiving  antenna  there  is  associated  a  ray  of 
length  r  from  the  transmitter,  an  initial  direction  of  radiation,  and  the  radiated  wave 
et  exp  [  i  (i  +  7^)]  which  would  be  found  in  free  space  at  this  distance  and  in  this  direction. 

When  u  ib  practical  to  separate  antenna  characteristics  from  environmental  and  path  charac¬ 
teristics,  it  is  assumed  that  the  antenna  phase  response  t^,  like  t  ,  is  a  characteristic 
of  the  antenna  and  its  environment  and  that 
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T  *  T  +  T 
1  t  p 


(II.  64) 


where  t  is  a  function  of  the  ray  path  and  includes  allowances  for  path  length  differences  and 
diffraction  or  reflection  phase  shifts. 

Random  phase  changes  in  either  antenna,  absorption  and  reradiation  by  the  environ¬ 
ment,  or  random  fluctuations  of  refractive  index  in  the  atmosphere  will  all  tend  to  fill  in  any 
sharp  nulls  in  a  theoretical  free-space  radiation  pattern  e  or  Also,  it  is  not  possible 
to  have  a  complex  vector  pattern  e/r  which  is  independent  of  r  in  the  vicinity  of  antunna  nulls 
unless  the  radiation  field,  proportional  to  1/r,  dominates  over  the  induction  field,  which 
is  approximately  proportional  to  l/r  . 
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XI.  3. 6  Multipath  Coupling  Lost 

Coherently  phased  multipath  components  from  a  single,  source  may  arrive  at  a  receiving 

antenna  from  directions  sufficiently  different  so* that  t.  and  vary  significantly.  It  is 

then  important  to  be  able  to  add  complex  signal  voltages  at  the  antenna  terminals.  Let  n  =  1, 

2,  — ,  N  and  assume  N  discrete  plane  waves  incident  on  an  antenna  from  a  single  source. 

The  following  expressions  represent  the  complex  open-circuit  r.m.s.  signal  voltage  v^ 

corresponding  to  a  radio  frequency  v  cycles  per  second,  a  single  incident  plane  wave 

s/T  exp  [  i  ( t  +  a  loss-free  receiving  antenna  with  a  directivity  gain  gfQ 

and  an  effective  absorbing  area  a  ,  matched  antenna  and  load  impedances,  and  an  input 

en 

resistance  r  which  is  the  same  for  the  antenna  and  its  load: 


Vn  =  (4  %  8n  (*n '  *rn>  eXp  ( 1  (t  +  Tpn  +  Ttn  ‘  VoU# 


(U.  65) 


i 2  2  2 

s  =  e  /n  =  w  a  g  /(4wr  )  watts/km 
n  1  -n1  'o  r  pn°tn  n 9 


(11.66) 


a  =  g  K2/(4tr)  km2 
en  *rn  '  ' 


(IL67) 


p  .  p  =[(l+a2)(l+a2  )]~/*  f  (l  +  a  a  )cos4>  +  i\*  4  a  )sin4»  ]#  (II.  68) 

£rn  1  xn  xrn  J  xn  xrn  pn  xn  xrn  pn*  ' 


If  the  polarization  of  the  receiving  antenna  is  matched  to  that  of  the  incident  plane  wave,  then 

a  =  a  ,  ^  =0,6*6  si,  and 

xn  xrn  pn  £n  rn 


v  -  [  4  r  w  a  g  g  X2/(4wr  )V4  exp[i(T  t  t  +t  -t  )]  volts.  (fl, 69) 
n  1  v  r  pn*tn°rn  n'  J  ri  '  pn  tn  rn'J  x  1 

If  the  coefficient  of  the  phasor  in  (II.  69)  has  the  came  value  for  two  incident  plane  waves,  but 
the  values  of  c  -  *r  differ  by  ir  radians,  the  sum  of  the  corresponding  complex  voltages 
is  zero.  This  shows  that  the  multipath  coupling  efficiency  can  theoretically  be  zero  even 
when  the  beam  orientation  and  polarization  coupling  are  maximized.  Adjacent  lobes  in  a 
receiving  antenna  directivity  pattern,  for  instance,  may  be  \ 80*  out  of  phase  and  thus  cancel 
two  discrete  in-phase  plane-wave  components. 

Equation  (II.  3)  sftn'wt  the  relation  between  the  total  open-circuit  r.m.s.  voltage 


=  f  y  v  v*  * 

L  n  m. 


(II.  70) 
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and  ae  p  wer  w&  available  at  the  terminals  of  a  loss -free  receiving  antenna: 

wa  =  v^/(4rv)  watts  (11.71) 

In  writing  w  for  w  in  (11.71),  the  subscript  v  has  been  suppressed,  as  with  almost 
a  a  v 

all  of  the  symbols  in  this  annex*  Studying  (II.  65)  -  (II.  68),  (II.  70),  and  (11.71),  it  is  seen 
that  the  expression  for  is  symmetrical  in  the  antenna  gains  g^,  g  ,  and  g  -  a«^  g  ^ 
gcr  =  axr8pr*  a^d  that  is  a  linear  function  of  these  parameters,  though  v^  is  not. 

From  this  follows  a  theorem  of  reciprocity,  that  the  transmission  loss  L  =  -  10  log  (w  /w  ) 

a  t 

is  the  same  if  the  roles  of  the  transmitting  and  receiving  antennas  are  reversed, 

The  basic  transmission  loss  is  the  system  loss  that  would  be  expected  if  the  ' 
actual  antennas  were  replaced  at  the  same  locations  by  hypothetical  antennas  which  arc: 

(a)  loss-free,  so  that  Lftt  *  Lftr  =  0  db.  See  (2.3). 

(b)  isotropic,  so  that  s  =  1  in  every  direction  important  to  propagation  between 
the  actual  antennas* 

(c)  free  of  polarization  coupling  loss,  so  that  |p  •  pj  1  for  every  locally  plane 
wave  incident  at  the  receiving  antenna, 

(d)  isotropic  in  their  phase  response,  so  that  =  0  in  everY  direction. 

The  available  power  w  ^  corresponding  to  propagation  between  hypothetical  isotropic 
antennas  is  then 


where  f  is  in  megacycles  per  second  and  r  is  in  kilometers.  Compare  with  (2,  16). 

As  may  be  seen  from  the  above  relations,  only  a  fraction  of  the  total  flux  density 
sn  Per  unit  radiated  power  contributes  to  the  available  received  power  w  from  N  plane 
waves.  While  s^  is  expressed  in  watts/km2,  sg  is  expressed  in  watts/km2  for  each  watt 
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ol  the  power  w^  radiated  by  a  tingle  source: 

•e  =  4irwa/(^2wt)  (U.  7S) 

For  each  plane  wave  from  a  given  source,  T  exp(ir  )  or  6  exp(-ix  )  may  sometimes 

-n  in  * *rn  rn 

he  regarded  as  a  statistical  variable  chosen  at  random  from  a  uniform  distribution,  with  all 

—  ,2 

phases  from  -tt  to  it  equally  likely.  Then  real  power  proportional  to  lln*  e*nl  may  be 
added  ai  the  antenna  terminals,  rather  than  the  complex  voltages  defined  by  (U.  65)-(U. 68>, 

For  this  case,  the  statistical  "expected  value"  <•  >  of  *  is 

O  fl 

N 

<%>  "  I  %n*tn*rn  '  *  r  J  2/(4’rn  <U- 76) 

n«  1 

In  terms  of  a  ,  the  transmission  loss  h  is 
e 

L  ■  21. 46  +  20  log  1-10  log  t^  db.  (11.77) 

Substituting  <s  >  for  s  in  (H.77),  ws  would  not  in  general  obtain  the  statistical  expected 
e  e 

value  <h>  of  L,  since  <L>  is  an  ensemble  average  of  logarithms,  which  may  be  quite 

different  from  the  logarithm  of  the  corresponding  ensemble  average  <*c>*  For  this  reason, 

median  values  are  often  a  mors  practical  msasure  of  central  tendency  than  "expected" 

values.  With  w  and  X  fixed,  median  values  of  s  and  L  always  obey  the  relation 
t  e 

(U.77V  while  average  values  of  s^  and  1*  often  do  not. 

The  remainder  of  this  annex  is  concerned  with  a  few  artificial  problems  designed 
t4i  show  how  these  formulas  are  used  and  to  demonstrate  some  of  the  properties  of  radiation 
and  response  patterns.  In  general,  information  is  needed  about  antenna  patterns  only  in  the 
few  directions  which  are  important  in  determining  the  amplitude  and  fading  of  a  tropospheric 
•  Although  section  11,3,7  shows  how  a  complex  vector  radiation  or  reception  pattern  may 

be  derived  from  an  integral  over  all  directions,  it  ir,  proposed  that  the  power  radiation 
efficiencies  and  the  gains  g ^(t)  or  gt<*?)  for  actual  antennas  should  be  determined  by  meas¬ 
urements  in  a  few  critical  directions  using  standard  methods  and  a  minimum  of  calculations. 
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II.  3.7  Idealized  Theoretical  Antenna  Patterns 
Consider  a  point  source  of  plane  waves,  represented  by  complex  dipole  moments 
in  three  mutually  perpendicular  directions,  xq,  X^,  and  k^*  These  three  unit  vectors, 
illustrated  in  figure  II.  1,  define  a  right-handed  system,  and  it  is  assumed  that  the  corre¬ 
sponding  elementary  dipoles  support  r.m.s,  currents  of  I  ,  I  ,  and  I  amperes,  respectively. 

U  1  « 

The  corresponding  peak  scalar  current  dipole  moments  are  s/7  I  f  ampere-kilometers, 

m 

where  m  =  0,  l,  2,  and  the  sum  of  the  complex  vector  dipole  moments  k  \  lexptiT  ) 

m  m  r  m 

may  be  expressed  as  follows: 


a  =  al+U2 


(II.  78a) 


*1  =  ^  “(Vo  +  *1  Cl  +  *2C2>‘  T2  *  & “<*0  *0  + Vl  +  *2  S2) 


(H.  78  b) 


iZ  =  I0+I?M22*  cm‘(1m/I)c08Tm*  *m  " (Im/I>8inV  m  =  °*  »*  2- 

Here,  t^,  t^,  and  represent  initial  phases  of  the  currents  supported  by  the  elementary 
dipoles.  The  time  phase  factor  is  assumed  to  he  exp(ikct). 

Using  the  same  unit  vector  coordinate  system  to  represent  the  vector  distance  T  from 
this  idealized  point  source  to  a  distant  point: 


**  c  $  xn  +  x,  ♦  k  x  =  P r 
a  11  3  2 


(11.80) 


where  xQ,  x  ,  and  x^  are  given  by  (U.  35b)  as  functions  of  r,  0,  4.  The  complex  wavo  at 
7  due  to  any  one  of  the  elementary  dipoles  is  polarized  in  a  direction 


r  x  (k  x  P)  -  k  -  ? x  /r 
m  m  m 


(II.  8  1) 


which  is  perpendicular  to  the  propagation  direction  f  and  in  the  plane  of  k  and  f ,  The 
-*•  m 

total  complex  wave  at  r  may  be  represented  in  the  form  given  by  (II,  41): 

nTZ  ?(T) exp(i  t)  =  \fl  ( 7r  +  iT)exp(iT)  =  (7  +  ie'c)exp(i(T  +  Tt)] 


s  [f  X  (a  x  ?)]  ( n  /(2X  r )]  exp(ir) 


(11.82) 


t  =  k(ct  -  r)  +  n/4 


-  ?  (a j  .  f)]  r|^/(2Xr)  volts/km 


(11.83) 


(II.  84a) 
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nT?  «i  =  [a^  -  f(a2*  P)]  r\^/(Z\r)  volts/km. 
The  total  mean  power  flux  density  a  ( r)  at  T  it  given  by  (II,  Spa): 

* (7)  *  (e  2  +  e  2)/no  *  [a2  -  (7j  .  P)2  +  a2  -  (7,.  P)2] 


(II.  84b) 


,2  2  a  ,2.2  .  ,2.2 


•U 


7-j  [1  -  (I0  x0  +  +  I2  x2)/(lr)  -  2(c0lx0x1  4  c02x0x2  +  c^x^/r6] 


(U*  8  5) 


C  =  (I  I  /I  )CO*(t  -  T  )  . 
mu  m  n  m  n 


(II*  86) 


Thu  total  radiated  power  w(  is  obtained  by  integrating  s(r)  over  the  surface  of  a  sphere 
of  radius  r,  using  the  spherical  coordinates  r,  0,  <j>  illustrated  in  figure  II,  1  j 


p2ir  pir  z  ^  2*rr  r»  (II) 

w  *  \  d<(i  \  d6  r  s(r)  sin  6  =  - * -  watts  . 

1  Jo  Jo  3\2 


(U.  87) 


From  (IX, H 7)  it  is  seen  that  the  peak  scalar  dipole  moment  *T2l4  used  to  define  a^  and 
7T,  in  (II,  7$  may  be  expressed  in  terms  of  the  total  radiated  power  : 

S^Ii  "  XsT3"v77I if  r^T  ampere -kilometers  .  (11.80) 


The  directive  gain  g(r)  is 


g(r)  =  4w  r  s( 


[7)^=1  1-  (-f)  cos 2  6  -  (-f) 


2  2 
sin  0  cos  $ 


sin  0  sin  $  -  (^c^cos  $  +  c02ein<}>  J  ein(20)  -  c1?  *in  0  sin(2$) 


12 


(U.89) 


This  is  the  most  general  expression  possible  for  the  directive  gain  of  any  combination  of 
elementary  electric  dipoles  centered  at  a  point.  Studying  (II.  89),  it  may  be  shown  that  no 
combination  of  values  for  IQ,  1^,  I^,  tq,  t^,  will  provide  an  isotropic  radiator.  As 
defined  in  this  annex,  an  isotropic  antenna  radiates  or  receives  waves  of  any  phase  and 
polarization  equally  in  every  direction. 
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For  the  special  cate  where  IQ  =  Ij  =  I2  =  I /*/T,  rQ  =  ir/Z,  ^  =  0,  and  r2  =  ir, 
(II.  89)  shows  that 


g(r)  =  1  +  sin  e  sin  4>  cos  $  . 

With  these  specifications,  (EU  Vti)  shows  that  cQ  =0,  cJ  =  -ca  =  1/s/T*  sQ  =  1/s/T, 
81  =  8 2  =  anc*  W#78)  with  (II, 88)  shows  that 


(11.90) 


*  (*j  m  i  a^  =  x^b 


(U*9  la  ) 


b  sX[V(TV]/a  • 


(II.  9  lb) 


Substituting  next  in  (II.  8*1)  with  the  aid  of  (11*2): 


s/T Tj  s  oo(xo -  r cos o)  (u.9<) 


I' 

r  2  V* 

e  5  I  h  w,  /  (4*  *  )  I  »  b.  =  sin  0  (cos  9  -  diui))  , 

O  *  O  *  .  fa 


(II  s\ 


The  principal  and  cross -polarization  gains  determined  using  (II,  S V)  *u\d  (11*58)  are 


gp(r)  =  1  +  sin  0(sin<j>  cos  <j>  -  \'i)  ,  gc{r)  =  *«  -  s^w  0  • 


(II.  94) 


The  subscripts  p  and  c  in  (It, 9^)  should  be  reversed  whenever  g(Q,  9)  is  less  than 

sin  0,  Minimum  and  maximum  values  of  g  are  1/2  and  3/2  while  g^  ranges  from 

1/3  to  i  and  g  from  0  to  1/2, 
c 

The  importance  of  phases  to  multipath  coupling  is  more  readily  demonstrated  using 

a  somewhat  more  complicated  antenna.  The  following  paragraphs  derive  an  expression  for 

a  wave  which  is  approximately  plane  at  a  distance  r  exceeding  200  wavelengths,  radiated 

oy  an  antenna  composed  of  two  three-dimensional  complex  dipoles  located  at  -5  X  5c  and 

o 

+5  X  x^  and  thus  spaced  10  wavelengths  apart.  When  the  radiation  pattern  has  been 
determined,  it  will  be  assumed  that  this  Is  the  receiving  antenna.  Its  response  to  known 
plane  waves  from  two  given  directions  will  then  be  calculated. 

With  the  radiated  power  w^  divided  equally  between  two  three-dimensional  complex 
dipoles,  a  is  redefined  as 


"a  =  (b/^/T)  a  ,  7i  =  x  -  x  +  ix  , 

—  — o  —  •>  1  C  o 


(U.  95) 
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Since  5  X.  !•  negligible  compared  to  r  except  in  phase  factors  critically  depending  on 
r1  -  r2,  the  exact  expression* 

r  =  r  -  5 X  x  ,  r?  =  r  +  5Xx  (II. 96) 

1  o  c  o 

lead  to  the  following  approximations  and  definitions: 

r  j  ■  r(l  -  « )  ,  r2  =  r(l+«),  «  =  5(X/r)  cos  8  (11.97) 

=  r(l +« )  -  xQ«  sec  0  ,  ?2  =  r(l -«  )  +  xjt  sec  0  (U.98) 

r  =  xQ  cos  0  +  (Xj  cosij)  +  x2  sin4>)  sinO  .  (11.99) 


I  ft  c 

For  distances  r  exceeding  200  wavelengths,  |<|  <  0*025  and  c  is  neglected  entirely, 
so  th&t 


ri =  r 


5X  St 


*  2  r2 


r,  =  r  +  5Xx 


(II.  100) 


At  a  point  r,  the  complex  wave  radiated  by  this  entenna  is  approximately  plane  and 
may  be  represented  as 


•/I  exp(ir)  =  *JT  explitj)  tTj  exp(ir2)  j  (II.  101) 


where 


t  =  k(ct  •  r)  +  tr/4 


(II.  102) 


T  =  T  +  T  ,  T,  5  T  -  T  ,  T  -  1 0  IT  COS  0  • 
1  a  2  a  a 


(II.  1C  ft) 


As  m  (II.  t  2)  ,  the  waves  radiated  by  the  two  main  elements  of  this  antenna  are  represented  in 
(II.  101#  as  the  product  of  phaeors  exp(iT^)  and  exp(iT^)  multiplied  by  the  complex  vectors 
Cj  and  \I~Z  e ^  ,  respectively; 


=  [V  (ixJl)]’'o/(2Xr)s(eo/i)[lo*Jl(lo'  *l)]  (II.  10-.a) 

,/Tl2s[?ZX  IX?2);no/{2Xr)steo/2,[Io*52fe.‘  Oj  (II.  10-lb) 
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Evaluating  7  •  T^*  r^,  7^,  and  with  the  aid  of  (H.95),  (XL  98),  (II.  99)  and  (IL  104): 

7  •  »  b^l*^ )  4  i[" co*  6  •*  i  (sec  6  •  co*  8)*J  (II*  105a) 

T.  r2»b2(l-«)+iJ^co*8  +  «(*ecO  -co*8)j  (H.105b) 


(n.iosb) 


ij  8  *•./*>  {[*1  **2  -?b2tl  +  2«)  +  *0b2  «,ec6] 

+  ij^x0(  1+c)  -  r  co*  8  +  r  «  (*ec  8-2  co*  8)  j  j. 

I2  =  le0/2>{[*i  -  *2  '  ?Vl.*2«>  *  S0b2  «  aece] 

+  i[x  (U«)-r  cos  8  *  ri  (sec  8  •  2  co*  8)  I  X  . 


(H.lOba) 


(U. IQbb) 


Since  the  sum  and  difference  of  expUr^)  and  exp(ir^)  are  icosr^  exp(ir)  and 

ZisinT  exp  (It),  respectively!  7  and  7  as  defined  by  (11*101)  are 
a  r  i 


-  x^  -  ?  b^  "jeos  Ta  *  <  [50  +  r  (sec  8  •  Z  cos  i 


*  e^^Xj  *.  x^  -  ? b^  ^cos  *  «  £x&  +  r  (sec  8  •  Z  cos  0)^  sinT^j.  (11*  107a) 

i  5  °o  £*0  *  *  co#  9  j  co*  Ta  •  b^  j^25  -  Sq  *ec  0^j  sin  r*  j.  ♦  (II.  107b) 


(II*  1 07b) 


The  complex  wave  sf2(Vr  +  i7^  is  a  plane  wave  only  when  7^  and  7^  are  both  per- 
pendicular  to  the  direction  of  propagation*  r,  or  when 

r  •  (Vy  +  l7^  =  c  »in  Ta[(cos  0  -  sec  8)  +  i  sin  8 (cos  4>  -  sin$)^  =0  (11.108) 


which  requires  that  <  =  0,  sin  t  =  0*  or  8  =  0*  If  c  is  negligible,  the  total  mean 

a 

power  flux  density  in  terms  of  *he  directive  gain  g(r)  Is  given  by 


*(?)=(«r2+  e2)/r,o  =  g(?)e2/no 


(!!•  109) 
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g(?> 


i  Z 

2(1  + sin  6  a  in  $  cos  $)  cos 


Ta  * 


(H.110) 


That  wt  is  the  corresponding  total  radiated  power  may  be  verified  by  eubstituting  (11,108) 
and  (11,110)  in  (11,87),  with  the  aid  of  (11.93)  and  (11.103). 

Now  let  this  antenna  be  a  receiving  antenna,  and  suppose  that  direct  and  ground* 
reflected  waves  arrive  from  directions  r(Q,<|>)  equal  to 

r  ^0,32,  ir/4)  =  0,9492  xo  +  0,2224(5^  4  x^)  (u,  \\fa) 

r^(0,28,  0,  75)  =  0,9611  xq  +  0.1430  x{  +  0,1332  xz  .  (U.  illb) 


Note  that  r  j  and  in  (II.l  11) are  not  related  to  and  in  (11.98)  but  are  two 


particular  values  of  r.  Corresponding  values  of  t  , 

a 

cos  ra, 

and  sin  t  are 
a 

T  *  29.82111  # 

at 

cos  t  =  -  0,0240  , 
at 

•<n  t 
at 

*  -  0.9997 

(11.112%) 

r  #  30.19245  , 

at 

cos  t  =  0,3404  * 

sin  t 

at 

=  -  0.9403  . 

(11.112b) 

The  Incoming  waves  in  the  two  directions  r^  and  r^  are  assumed  to  be  plane,  and  the 
distances  r^  and  r^  to  their  source  are  assumed  large  enough  so  that  «  ^  sin 
and  <  z  sin  r  are  negligible  compared  to  cos  and  cos  »  respectively#  The  plane 
wave  response  of  the  receiving  antenna  in  these  directions  may  be  expressed  in  terms  of  the 
complex  vectors  associated  with  r^  and  r^: 

+  i"e^  =  •  0.024  eQ  ^(x^  -  x^)  +  i(0,099  xq  *  0.211  x^  -  0,211  x2)*j  (U#  1)3*) 

Tri+  iTu  =  0.340  (-0.013  xo  +  0.998  Xj  -  1.002  x2)  +  1(0.076  xq  .  0.137  Xj  -  0.128  x2)”|  . 

(II.  113b) 

Since  7  «7  =  0,  (Q.44)  with  (11.42)  and  (U.43)  shows  that  t  =0,  so  that  7  and  7 

YZ  *1  *  l  ** 

are  principal  and  cross  -polar Uation  components  of  the  complex  vector  receiving  pattern; 

"e  +i?  =  ?  tie.  ,  (II.  114a) 

pri  cri  ri  it 
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These  same  equations  show  that  t  *  -  0*005  and  that 


V*+i*crz=  0’340  eo[(*0,0l3’‘o  +  0,999  *1  .*  1,001  *2)  ♦  iC0.076  xQ  -  0.132  Xj  -  0.113  x^ 

(U.  114b) 

differing  only  slightly  from  (U*  1 1  lb),  *m<  e  T  l«  almost  zero. 

The  axial  ratios  of  the  two  polarization  ollipses,  defined  by  (II.  50),  are 


Vi  V."-0-1*3 


(U.  US) 


and  the  unit  complex  polarization  vectors  S  and  _p  do  fined  by  (II.  51)  are  therefore 

«*ri 


j>  *  <>.674 (xt  .  n2)  t  i (0.067  xQ  .  0.142  Xj  -  0*142  x2) 


(U.  116a) 


|M  =  (-0*009  x(l+  0*692  xt  -  0.694  $2)  +  i(0.053  xc-  0.095  xl  -  0.089  x2)  ,  (IX.U6fa) 


The  antenna  u, tins  ij  (r  )  “«»d  «  (r  )  arc  given  by (H# HO); 


u  (r  )  iMin.M,  u  (i  )  =  0.241 

•i  r  i 


(II.  U 7) 


which  shows  that  tin*  gam  fl^Jr 1  s  lu  log  u^(r  )  ian>U  with  the  direct  ray  is  29.2  db 

below  that  ol  an  isotroph  anteim.i,  *\lul»  tin  t.«h»  t»  (r  )  associated  with  the  ground-reflected 

ray  is  -6,2  db,  It  might  In  *  m»*  *  n  il  ihoi  >ai«K  I®*.*  incident  wave  propagating  in  the  direction 

"r  would  need  to  he  i  uiiftiii>>i*<<(l  in  ilt  n  i  i  »uiing  tin  c  omplex  voltage  at  the  receiving  antenna 

terminals.  Suppose,  hnvwvt  r,  lhai  tin*  gi  ound-iviU  i  ted  ray  has  been  attenuated  considerably 

more  than  the  riirct  t  r.»\,  su  dial  tin-  path  attenuation  factor  a  is  0,01*  while  a  =1 

1*4  pi 

Suppose  further  Un,i  tin  transmitting  ant.  mm  gam  associated  with  the  ground-reflected  ray  is 
6  db  less  than  that  associated  with  the  direct  ru^.  l'licn  the  mean  incident  flux  density  s^ 
associated  with  the  ground. reflected  ray  will  be  26  db  less  than  the  dux  density  s^  associated 
with  the  direct  ray. 

In  order  to  calculate  the  complex  received  voltage  v  given  by  (II.  70)  then,  the 
following  is  assumed: 


ry  =  52  ohm.  ,  *  1  =  1  watt/km2  ( =  .  30  dbm/m2) 
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•2  =  0.0025  watts /km2  .  X  >  0.0003  km(f  «  1009  MHs  ) 

£ 0,2 •  a»*0-4’  VW2t  V1*5 

Ti»STPl+Tt|80’  TU  “  Tp*  +  Ttt  “  T  ' 

It  will  be  teen  that  these  assumptions  imply  a  more  nearly  complete  polarisation  coupling  loss 
between  the  direct  wave  and  the  receiving  antenna  than  between  the  ground-reflected  wave  and 
the  receiving  antenna*  The  effective  absorbing  area  of  the  receiving  antenna  for  each  wave* 
as  given  by(XX«  67)  is 

*01  “  1,504  *  l0*U  kn'2  •  a„  s  1.726  X  10*9  km2  .  (11.119) 

The  polarisation  factor*  are 

(P,  *  lr, )  *  *  0,021  1  .  *  |rl )  s  0.062  +  0.236  i  (U.  120) 

and  the  phase  factors  are  oxp(ir)  and  «xp(t(T+  3.137)],  respectively.  Substituting  these 
values  in  (U.65).  the  complex  voltages  are 

Vj  =  -  l.l75(10’6)Uxp(lT) ,  v2  =  -(1.887  +  7.071i){10*6)  *ocp(i  r).  (U.121) 

The  real  voltage  at  the  antenna  terminnle#  as  given  lay  (U*70)  is 

vv  *  ^V1  *  v2^vi  +  yz^*  s  x  ^  volts  =  8,  33  microvolts  (U,  122) 

and  the  corresponding  power  w&  available  at  the  terminals  of  the  loss. free  re ceiving 
antenna  is 


W  a  0.334  X  10* 12  watts  ,  W 
*  a 


125  dbw  =  -  95  dbm 


as  given  by  (11.  71). 


(11. 123) 
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U*  3*8  Conclusions 

The  foregoing  -exercise  demonstrates  that: 

(1)  Even  small  changes  in  antenna  beam  orientation,  transmission  loss,, polarisation 
coupling,  and  multipath  phasing  may  have  a  visible  effect  on  the  available  power. at  the 
terminals  of  a  receiving  antenna* 

(2)  If  the  formulation  of  the  general  relationships  for  a  completely  polarized  wave 

is  programmed  for  a  digital  computer,  it  may  be  feasible  to  estimate;  the;  completes  tat-*  „  - 
istics  of  a  received  signal  whenever  reasonable  assumptions  can  be  made  about  the  etat* 
istics  of  the  parameters  described  in  this  annex, 

(3)  The  measurement  of  antenna  characteristics  in  a  few  critical  directions  will  often 
be  sufficient  to  provide  valuable  information  to  be  used  with  the  relationships  given  here* 

The  measurement  of  Stokes'  parameters,  for  instance,  will  provide  information  about 

g^,  4»p,  and  both  the  polarised  field  intensity  sy  and  the  unpolarised  field  intensity  sq. 
These  parameters  (Stokes,  1922  ]  are 


*r  +  >0.M  total  mean  field  intensity 

Q*s  cos(2p)  cos(2  iM 
r  P 

U  *  »rcoa(2p)  »in(2 

V  =  »r»in(2p) 


where 


=  tan"  a 


xr 


(U.  124) 
(U,  125) 
(II.  126) 
(U.  127) 

(II.  128) 


The  unpolarited  or  randomly  polarised  field  intensity  »o  la  determined  from  (U.  124)  and  the 
identity 


•r  »  (Q2  +  U2  +  V2)  ^  # 


(U.  129) 


Using  standard  sources  and  antenna  model  ranges,  the  gain  gr  may  be  determined  from 


«r  •  •,/<•#*  V  *  \  =  WtH****' 


tn.no) 


I 


assuming,  if  is  measured,  that  any  power  reception  efficiency  l/fer  less  than  unity 

will  affect  s  and  e  *  alike* 
r  o 
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Finally,  a  method  for  measuring  relative  phase  responses  is  also  needed.  In 
individual  cases,  multipath  coupling  loss  may  be  insufficient  to  provide  adequate  unwanted 
signal  rejection.  Variations  of  may  lead  to  phase  interference  fading  of  wanted  signals, 
just  as  variations  of  a^  are  associated  with  long-term  power  fading.  Because  of  the 
complexity  of  these  phenomena,  they  are  usually  described  in  terms  of  cumulative  distri¬ 
butions  of  signal  amplitudes  or  fade  durations.  Fortunately,  even  crude  measurements  or 
simple  theories  may  then  suffice  to  provide  statistical  information  about  *r  ♦ 
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II.  4  List  of  Special  Symbols  Used  in  Annex  II 
The  effective  absorbing  area  for  the  nth  discrete  plane  wave  incident  on  an  an¬ 
tenna  from  a  single  source,  (11/67),  and  for  each  of  two  waves  (II.  119). 

The  fraction  of  energy  absorbed  along  a  ray  path,  or  scattered  out  of  it,  (II.  69), 

^  th  th 

and  the  fraction  of  energy,  a^,  for  the  m  and  n  multipath  components  from 
a  single  source,  where  m  and  n  take  on  integral  values  from  1  to  N ,  (11.72) 
Axial  ratios  of  the  polarization  ellipse  of  the  n**\  first,  and  second  plane 
wave  from  a  single  source,  (11.68)  and  (11.118). 

a  Axial  ratios  of  the  polarization  ellipse  associated  with  the  receiving  pattern 

for  the  nth,  first,  and  second  plane  wave  from  a  single  source,  (11.68)  and  (11.115). 
Positive  or  negative  amplitudes  of  real  and  imaginary  components  of  ?  complex 
vector:  a  «  a^  +  i  a^,  =  a ^  +  a^  ,  (II.  78) . 

The  real  vector  a  =  aa,  where  a  is  a  unit  vector. 

Heal  vectors  defining  real  and  imaginary  components  of  a  complex  vector:  a  = 
a*  +  iX2,  (11.78). 

A  complex  vector:  a  =  a^  +  i  a^  ,  (II.  78) . 

A  complex  vector  defined  in  terms  of  the  unit  vector  system  x^,  x^,  x^,  (11.95). 

The  positive  or  negative  amplitude  of  the  cross-polarized  vector  component  e 
of  a  receiving  antenna  response  pattern,  (II.  50). 

The  positive  or  negative  amplitude  of  the  real  vector  e^  associated  with  a  com¬ 
plex  plane  wave  >/T  (e^  +  i  e^)  exp  (iT)  ,  where  e^  and  e.  are  time -invariant  and 
exp  (it)  is  a  time  phasor,  (II.  41b). 

The  positive  or  negative  amplitude  of  the  principal  polarization  component  e^  of 
a  receiving  antenna  response  pattern,  (II.  50). 

Fhe  positive  or  negative  amplitude  of  the  real  vector  component  associated  with 
a  complex  plane  wave  %/T (e^  +  ie^)  exp  (iT),  where  e^  and  are  time  invariant 
and  exp  (iT)  is  a  time  phasor,  (II.  41a). 

Equivalent  free  space  field  strength,  (II.  38). 

The  positive  or  negative  real  amplitudes  of  real  and  imaginary  components  of  th<, 
complex  polarization  vector  7,  (11.43)., 

The  positive  amplitudes  of  real  vectors  e  and  e  associated  with  the  0  and  d> 

0 

c  ,mponents  of  a  complex  plane  wave,  (11.4)  figure  II.  1. 

Heal  vectors  associated  with  cross  and  principal  polarization  components  of  a  uni¬ 
form  elliptically  polarized  plane  wave,  annex  II,  section  II.  3.2. 

Directions  of  cross  and  principal  polarization,  chosen  so  that  their  vector  product 
x  e^  is  a  unit  vector  in  the  direction  of  propagation,  (11.47). 
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Croat  and  principal  polarisation  field  components  of  a  receiving  antenna 
response  pattern,  (11.49). 

Directions  of  cross  and  principal  polarisation  components  of  a  receiving 
antenna  response  pattern,  (XI.  51),  (11.53). 

The  real  vector  associated  with  the  imaginary  component  of  the  time-invariant 

part  of  a  complex  plane  wave  •JT  (7  +  l«Tj  exp  (It),  (II  41b). 

The  real  vector  associated  with  the  real  component  of  the  time-invariant  part 

of  a  complex  plane  wave  sJF  (e  + ie  )  exp  (It),  (II, 41a). 

r  i 

Heal  vector  components  of  a  complex  polarisation  vector  e  which  has  been 

resolved  into  components  which  are  orthogonal  in  both  space  and  time,  (II  4  3) 

Real  vectors  associated  with  the  0  and  $  components  of  a  complex  plane  wave 

\TZ  (en  exp  (It  )  +  e  exp  (ir  )]  exp  (It),  where  only  the  phaaor  exp  (it) 

0  0  9  4> 

depends  on  time,  (11.40)  figure  II.  1, 

A  unit  vector  e  x  r  perpendicular  to  0  and  ?  ,  (II. 3  6b)  figure  II.  1. 

9  9 

A  unit  vector  (?x  $  )/sin  0  perpendicular  to  ?  and  x  ,  (II.  36a)  figure  II.  1 
o  o 

A  bar  is  used  under  the  symbol  to  indicate  a  complex  vector:  e  =7  +  ie  ,, 

—  pc 

e  =7  +  ie  ,  (II.  46). 

~  r  Pr  cr 

The  complex  conjugate  of  jej  je_  »  -  ie^. 

|  The  magnitudes  of  the  complex  vectors  7  and  e  ,  (II.  55). 

Lie  I  ,  I  e  I  The  amplitudes  of  the  cross  and  principal  polarisation  components 

.  i  i  p  *  pr 

e  ,  7  ,  7  ,  and  7  ,  section  II.  3.  3. 

c  cr  p  pr 

Field  strength  in  dbu,  (II.  20) . 

The  equivalent  free  space  field  strength  in  dbu,  (II.  26). 

The  equivalent  inverse  distance  field,  (II.  28). 

Field  strength  in  dBu  per  kilowatt  effective  radiated  power,  (11.23)  -(II  25). 
Maximum  free  space  directive  gain,  or  directivity.  Section  II.  3.  4., 

The  cross-polarisation  component  of  the  directive  gain,  (II  57), 

The  cross -polarisation  component  of  the  directive  gain  of  a  receiver,  (II.  5  1) 
Principal  polarisation  directive  gain,  (II.  57) . 

Principal  polarisation  directive  gains  for  the  receiving  and  transmitting 
antennas,  respectively,  (11.59). 

The  directive  gains  g^  and  g^  for  the  n^  of  a  series  of  plane  waves,  (11.66) 
and  (II.  67) . 

Directive  gains  associated  with  the  field  components  7,  7  .  (II.  37). 

0  4> 

Directive  gain  in  the  direction  ?,  (11.89). 

Cross  polarisation  and  principal  polarisation  directive  gains  in  the  direction 
f,  (11.94). 

Directive  gains  associated  with  direct  and  ground-reflected  rays,  respectively. 
(XI.  117). 
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Principal  polarization  directive  gain  of  the  transmitter  in  the  direction  £  ^ 
which  Is  the  initial  direction  of  the  most  Important  propagation  path  to 
the  receiver,  (11,18)  and  (II.  23)  to  (II.  25). 
i  =  nTTi. 

Current  in  r .  m.  s.:  amperes  where  m  =  0, 1,  2,  (II.  76) . 

Current  in  r.m,  s.  amperes  corresponding  to  three  elementary  dipoles  In 
three  mutually  perpendicular  directions,  (II.  76). 

Pt  opagation  constant,  k  =  2ir  /  X,  (II.  34) . 

Used  as  a  subscript  to  indicate  a  load,  for  example,  represents  the 
Impedance  of  a  load  at  a  radio  frequency  v,  (n.  1). 

The  effective  loss  factor  for  a  receiving  antenna  at  a  frequency  v  Herts 
(II. 6).  Lerw=  10  logl^db,  (II. 8). 

The  effective  lots  factor  for  a  transmitting  antenna  at  a  radio  frequency  v 
herts,  (II.  7),  Let^=  10  logi^db,  (II.  9). 

A  mismatch  loss  factor  defined  by  (II.  4). 

The  decibel  ratio  of  the  resistance  component  of  antenna  Input  Impedance  to 
the  free  space  antenna  radiation  resistance  for  the  receiving  and  transmitting 
antennas,  respectively,  (II.  11). 

The  ratio  of  the  actual  radiation  resistance  of  the  receiving  or  transmitting 
antenna  to  its  radiation  resistance  In  free  space,  (11.12),  (11.13). 

Propagation  loss,  (11.14). 

Basic  propagation  loss,  (11.15).  Basic  propagation  loss  in  free  space  Is  the 
same  as  basic  transmission  loss  in  free  space. 

Unit  complex  polarisation  vector  for  the  incident  wave,  (II.  54),  and  (11.68), 
Unit  complex  polarisation  vector  associated  with  a  receiving  pattern,  (II.  51) 
and  with  the  receiving  pattern  of  the  nth  incident  wave,  (II.  68). 

The  complex  i  eceiving  antenna  polarisation  vectors  for  each  of  two  ray 
paths  between  transmitter  and  receiver.,  (11.116). 

Resistance  of  an  antenna,  (II.  1). 

Magnitude  of  the  vector  r  =  r  £  in  the  direction  £  (8,  $),  and  a  coordinate  of 
the  polai  coordinate  system  r,  8,  section  II.  3. 1. 

Antenna  radiation  resistance  in  free  space  for  the  receiving  and  transmitting 
antennas,  respectively,  (II.  11),  (II.  12)  and  (II.  13) . 

Resistance  of  a  load,  (II.  1) . 

Antenna  radiation  resistance  of  the  receiving  and  transmitting  antennas, 
respectively,  (II.  10). 

Resistance  component  of  antenna  input  impedance  for  the  receiving  and 
transmitting  antennas,  respectively,,  (II.  10). 

Resistance  of  an  equivalent  loss-free  antenna,  (II.  lc). 

Resistance  of  an  actual  antenna  in  its  actual  environment,  (II  lb). 

The  vector  distance  between  two  points,  r  =r  r  ,  (11.80), 
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A  unit  vector*  (11.35) 

A  cartesian  unit  vector  coordinate  system,  (II.  35)  and  (II.  36) . 

Total  mean  power  f^ux  density,  (II.  58). 

Mean  power  flux  densities  associated  with  cross -polarisation,  and 
principal  polarisation  components,  (II.  56). 

The  fraction  of  the  total  flux  density  that  contributes  to  the  available  power, 
(II.  75). 

Mean  power  flux  densities  associated  with  left-handed,  and  right-handed 
polarisation,  respectively,  (11,61). 

Free  space  field  intensity  in  watts  per  square  kilometer,  (12.16), 

The  statistical  “expected  value  of  s^,  (11.76)., 

Mean  power  flux  densities  associated  with  the  cross  and  principal  polarisa¬ 
tion  components  of  in  the  direction  r  ,  (11.17), 

Complex  open-circuit  r.m.s.  signal  voltage  for  coherently  phased  multi- 
path  components,  (II.  65) . 

The  open-circuit  r.m.  s.  voltage  for  an  equivalent  loss-free  antenna  at  a 
frequency  v,  (II.  5) . 

The  actual  open-circuit  r.m.s.,  voltage  at  the  antenna  terminals  at  a 
frequency  v,  (II.  2). 

The  available  power  corresponding  to  propagation  between  hypothetical 
isotropic  antennas,  (11.72). 

Available  power  at  the  terminals  of  an  equivalent  loss-free  receiving 
antenna  at  a  radio  frequency  v,  (II.  5). 

Available  power  at  the  terminals  of  the  actual  receiving  antenna  at  a  radio 
frequency  v,  (U.  3) . 

Fower  delivered  to  the  receiving  antenna  load,  at  a  radio  frequency  v,  (II.  2). 
Total  power  radiated  at  a  frequency  w,  (n.  7), 

Total  power  delivered  to  the  transmitting  antenna  at  a  frequency  v,  (II,  7). 
Reactance  of  a  load,  an  actual  lossy  antenna,  and  an  equivalent  loss -free 
antenna,  respectively,  (II.  1) . 

One  of  three  mutually  perpendicular  directions,  m*0, 1,  2,  section  II .  3.7  . 
Axes  of  a  cartesian  unit  vector  coordinate  system,  (II.  35)  figure  II.  1. 
Impedance  of  a  load,  (II.  1). 

Impedance  of  an  equivalent  loss-free  antenna  (II.  1). 

Impedance  of  an  actual  lossy  antsnna,  (u.  i). 

Th«  conjugata  of  a1^  ,  following  (II.  2), 
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Characteristic  impedance  of  free  space,  t)q  »  4wc,10  ,  (II.  38). 

A  polar  coordinate,  (XI.  35)  • 

Radio  frequency  In  herta  (cycles  per  second),  section  XI,  1. 

Limits  of  integration  (11.8),  (12.9). 

The  time-varying  phase  t  *  k  (ct  -  r),  where  c  is  the  free  space  velocity  of 
radio-waves,  t  is  the  time  at  the  radio  source,  and  r  is  the  length  of  the  radio 
ray,  (11*34). 

Time  element  defined  by  (n.  103). 

The  time  element  corresponding  to  direct  and  ground-reflected  waves 
at  the  receiving  antenna,  (II.  112). 

A  time-independent  phase  which  is  a  function  ofT,  (11.42),  (11.64). 

The  time -independent  phase  for  the  nth  component  of  an  incident  wave, 
section  II.  3.  6. 

The  time -independent  phase  for  two  components  of  an  incident  wave, 

(11.118). 

Initial  phase  of  the  current  supported  by  one  of  m  elementary  dipoles,  whsrt 
m  =  0,1,2,  (11.79). 

A  function  of  the  ray  path,  including  allowances  for  path  length  differences 
and  diffraction  or  reflection  phase  shifts,  (11.64). 

The  phase  function  t  for  the  nth,  first,  and  second  plane  wave  incident 
P 

on  an  antenna  from  a  single  source,  (II.  65)  and  (11.118). 

Antenna  phaae  response  for  the  receiving  antenna,  (11.49). 

th 

The  antenna  phase  response,  t^,  for  the  n  ,  first,  and  second  plane 
wave  incident  on  the  receiving  antenna,  (U.  65)  and  section  II.  3.  7. 

Antenna  phaae  response  for  a  transmitting  antenna,  (11.64). 

The  antenna  phase  response  for  the  nth,  first,  and  second  plane  wave, 

(II.  65)  and  (XL  118). 

Phases  associated  with  the  electrical  field  components  T  ,  T  .  (11.40). 

6  9 

One  of  the  polar  coordinates,  r,  6,  4>,  (11.89)  and  figure  II. 

The  acute  angle,  <J*  ,  for  each  of  two  waves,  (11. 118) . 
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Annex  111 

SUPPLEMENTARY  INFORMATION  AND  FORMULAS  USEFUL  FOR  PROGRAMMING 


I 


The  material  of  this  annex  is  organised  into  the  following  sections: 

1.  Line-of-sight 

2.  Diffraction  over  a  single  isolated  obstacle 

3.  Diffraction  over  a  single  isolated  obstacle  with  ground  reflections 

4.  Diffraction  over  irregular  terrain 

5.  Forward  scatter 

6*  Forward  scatter  with  antennas  elevated 

7.  Long-term  variability  1 

8.  List  of  special  symbols  used  in  annex  Ill 

Section  1  lists  geometric  optics  formulas  for  computing  transmission  lots  over  a 

smooth  earth,  for  determining  the  magnitude  and  phase  of  the  reflection  coefficient,  and  for 
computing  a  first  Fresnel  zone  along  a  great  circle  path.  Graphs  of  the  magnitude  R  and 
phase  c  of  the  reflection  coefficient  are  included.  Section  2  gives  mathematical  expres¬ 
sions  that  approximate  the  curves  A(v,  0),  A(0,  p)  and  U(vp)  for  convenience  in  using 
a  digital  computer.  Section  3  lists  geometric  optics  formulas  used  to  compute  diffraction 
attenuation  when  several  components  of  the  received  field  are  affected  by  reflection  from  the 
earth's  surface.  Section  4  defines  the  parameters  K  and  b  for  both  horizontally  and 
vertically  polarized  radio  waves.  Section  5  shows  the  function  F(0d)  for  N#  »  250,  301, 
350,  and  400,  and  for  values  of  s  from  0,01  to  1.  Curve  fits  to  the  function  F(6d)  and 
equations  for  computing  Ho(n§  *  0)  are  included.  Section  6  suggests  modifications  of  the 
prediction  methods  for  use  when  antenna  beams  are  elevated  or  directed  out  of  the  great 
circle  plane.  Section  7  shows  diurnal  and  seasonal  changes  in  long-term  variability. 
Mathematical  expressions  used  to  compute  predicted  distributions  are  shown  and  a  method 
of  mixing  distributions  is  described.  Section  8  is  a  list  of  special  symbols  used  in  this  » 
annex. 


Section  I.  3  of  annex  1  explains  an  easily  programmed  method  for  obtaining  ref- 
«r.nc«  value,  of  attenuation  relative  to  free  apace  Aor  for  a  wide  range  of  application.,, 
Theae  reference  value,  may  be  converted  to  estimate,  of  tran.mU.ion  loss  exceeded  for 
lOOp  ■  100  ( 1  •  q)  percent  of  th«  time  by  .ubtracting  the  quantities  V(0.  5)  and  Y(q)  defined 
by  (10.4)  and  (10,  5)  of  volume  1  and  dl.cu.eed  al.o  in  .ectlon  7  of  thi.  annex. 
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XXX.  1  Line*  of- Sight 

Simple  formula*  for  lin*-of?sight  propagation  which  auffice  for  most  application*,  art 
given  in  aection  5  of  tht  report.  Formula*  for  geometry  over  a  tmooth  earth  and  for  deter¬ 
mining  the  magnitude  and  phaee  of  the  reflection  coefficient  are  given  here.  Theee  formulae 
may  be  need  when  the  great  circle  path  terrain  visible  to  both  antennae  will  support  a  substan- 
iul  amount  of  reflection,  and  it  it  reasonable  to  fit  a  smooth  convex  curve  of  radius  a  to  this 
portion  of  the  terrain. 

Figure  5.  lb  illustrates  the  geometry  appropriate  for  reflection  of  a  single  ray  by  a 
smooth  earth  of  effective  radius  a.  In  the  figure,  4*  U  the  graaing  angle  at  the  geometrical 
reflection  point  located  at  a  distance  d^  from  an  antenna  of  height  and  at  a  distance  d^ 
from  an  antenna  of  height  h^  The  total  path  distance  d  «  d^  ♦  d2  is  measured  along  an  arc 
of  rat1  s  a.  The  difference*  A  ft  between  the  reflected  ray  path  length  r^  +  and  the  length 
of  the  direct  ray,  rQ,  is  calculated  to  find  the  phase  of  a  radio  field  which  it  the  »um  of  ground- 
reflected  and  free  space  fields.  If  Ar  is  less  than  0.06K,  these  ray  optic*  formula*  are  not 
applicable.  For  almost  all  cases  of  interest  the  angle  4*  is  •wall  *nd  the  straight  line  distances 
r  t  and  r^  are  very  nearly  equal  to  the  mean  sea  level  arc  distances  d^,  d^  *nd  d.  The 
geometric  optics  formulas  given  below  usually  require  double-precision  arithmetic, 


-1  1  1 

tan  41  *  cotjdj/a)  -  (i  +  h^/a)  csc(d^/a)  fit 

1  ^2 

tan  4*  r  cotfd^/a)  -  (1  +  h^/a)"  esefd^/a)  *  Jf"  • 

2 

+  (h2/a)2  -  2(h1/.)(h2/»)  +  2(1  +  hj/a  +  h2/a  +  (hl/a)(h2/alJ[l -c©.(4/»)] 


(IU.l) 
(111.  2) 

% 


s  [(a  sin  +)2  +  hj(2*  +  hj)  "1  ^  -  a  »in  4< 
r2  =  ["(a  .in  4*)^  +  1>2(2»  +  h2)  1  -  a  .in  4 


(HI.  3) 
(HI.  4) 

(HI.  5) 


Ar  *  Tj  +  r2  -  =  4  r j  r 2  .in2  4>/  (r ^  +  r^)  •  (UI.6) 

Equating  (111.  1)  and  (III, 2)  and  aubstituting  d  -  dj  lor  d2  ln(111.2),  the  dUtance  dj  may 
bo  determined  graphically  or  by  trial  and  error,  and  tan  4*  is  then  calculated  using  (Ul.  1). 
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Using  double  proctalon  nrithmottc,  (OX.  1)  through  (XXX.  6)  giro  on  accurate  eatimate  of  the 
path  difference  Ar  for  reflection  of  a  stogie  ray  from  a  smooth  earth.  This  value  is  then  used 
in  (3.4)  or  (5.  5)  of  section  5  to  compute  the  attenuation  relative  to  free  space. 

If  either  hj  or  hj  greatly  exceeds  one  kilometer,  and  if  it  to  considered  worth, 
while  to  trace  rays  through  the  atmosphere  to  order  to  determine  wore  accurately, 
values  of  dj  or  dj,  tabulated  by  Bean  and  Thayer  [  1959  J,  may  be  used,  Given  hj,  h^, 
and  the  surface  refractivity,  N§,  select  trial  values  for  <V,  calculate  dj  and  dj,  and 
continue  until  dj  +  d^  ■  d.  Then  (XXL1)  and  (XZX.2)  must  be  solved  for  new  values  of  hj 
and  hj,  if  (XII,  3),  (UI,4),  and  (XU,S)  are  used  to  obtain  the  path  difference, 

Ar“  V+r2- V 

The  symbols  R  in  (I .1)  and  c  in  (5.4)  represent  the  magnitude  and  the  phase 
angle  relative  to  w.  respectively ,  of  the  theoretical  coefficient  R  exp[-i(w-c)  ]  for  reflec¬ 
tion  of  a  plane  wave  from  a  smooth  plane  surface  of  a  given  conductivity  e  and  relative  di¬ 
electric  constant  c  ,  Values  of  R  and  c  as  a  function  of  the  graaing  angle  4»  are  shown  in 
figures  UI.l  to  QZ.8  for  vertical  and  horiaontal  polarisation  over  good.  average,  and  poor 
ground,  and  over  sea  water.  The  magnitude  R  of  the  smooth  place  earth  reflection  co¬ 
efficient  is  designated  Ry  or  R^  for  vertical  or  horiaontal  polarisation  respectively, 
and  is  read  on  the  left-hand  ordinate  scale  using  the  solid  curves*  The  phase  angle  relative 
to  «.  is  designated  cy  or  c^  for  vertical  or  horiaontal  polarisation  respectively,  and 
is  read  in  radians  on  the  right-hand  scale  using  the  dashed  curves.  As  seen  from  these 
figures  in  most  cases  when  the  angle  4*  is  small.  R  is  very  nearly  unity  and  c  may  be 
set  equal  to  aero.  A  notable  exception  occurs  in  the  case  of  propagation  over  sea  water 
using  vertical  polarisation. 

In  preparing  figures  IZL1  to  &X,8.  the  following  general  expressions  for  the  mag-  . 
nitudes  Ry  and  R^  and  lags  (t-cy)  and  (e-c^)  were  used.  Xn  these  equations, 
t  is  the  ratio  of  the  surface  dfolectric  constant  to  that  of  air.  e  is  the  surface  conductivity 
in  mhos  per  meter,  f  is  the  radio  frequency  in  megacycles  per  second,  and  ^  is  the 
graaing  angle  in  radians. 

x  «  1. 80  X  10*  w  !U  q  »  x/(2p)  (XZL  7) 


2  2 
4  cos  ♦) 


54 

♦  U 


cos*  ♦) 


(m.  8) 


(m.9) 


zi£j 

P2  M* 


"V 


iL 


l  i 
p  ♦  q 


Ill*  3 

P-351 


OIL  10) 


CCP  702-1 


(QLU) 
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w.c  sun*1/'  .  Un*1  (  ■Vft.fJLl  ) 

v  \  «  sin  ♦  -  p  /  \  i  sla  IJT+  p  / 

' -chsUn'l(  ".^p  )  *Ua’l(,iErfTp  ) 


The  angle  c  U  always  positive  and  less  than  *,  and  cw  U  always  negative  with  an  ab. 

V  A 

solute  magnitude  less  than  w.  The  pseudo  Brewster  angle*  where  c  suddenly  changes  from 

•1  ’ 

near  tero  to  */<!,  and  where  H  is  a  minimum*  is  sin*  sfl/t>  . 

v  v 

For  graaing  angles  less  than  0.1  radian,  for  overland  propagation,  and  for  fre» 
quenclee  above  30  Me/ s,  excellent  approximations  to  (111*11)  and  (IXLU)  are  provided  by 
the  following  formulas: 

Ry  *  oxpt- mv4*)  (HI*  15) 

R^  »  exp(-mh4»)  *  (XXL  16) 


The  assumption  of  a  discrete  reflection  point  with  equal  angles  of  incidence  and  • 
reflection  as  shown  in  figure  5.1  is  an  oversimplification.  Actually,  reflection  occurs  from 
all  points  of  the  surface.  For  irregular  terrain*  this  is  taken  into  account  by  a  terrain 
roughness  factor  r^*  (subsection  5.1),  which  is  the  r.m.s.  deviation  of  terrain  relative  to 
a  smooth  curve  computed  within  the  limits  of  a  first  Fresnel  tone  in  a  horizontal  plane.  The 
outline  of  such  a  Fresnel  ellipse  is  determined  by  the  condition  that  the  length  of  a  ray  path, 
r  +  r2  corresponding  to  scattering  from  a  point  on  the  edge  of  the  ellipse  is  Kali  r  wave 
length  longer  than  the  geometrical  ray  path,  +  r^*  where  the  angles  of  incidence  and 
reflection  arc  equal* 

The  first  Fresnel  ellipse  cuts  the  great  circle  plane  at  two  polnU,  x^  and  xfe 
kilometers  from  the  transmitter.  The  distances  x_^  and  x^  are  defined  by  the  relation 

^  r2  sin2i}i+x2+  ^  r  2  sin2  ^  +  I  (rj  ♦  co*  'f,-x)2  =  ,'l+r2+  W^*  (XU-  17) 
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The  exact  solution  for  x  is 


2xa,b<1  +  6,=  f(r1  +  r2Ml  +  6>  +  •  r2)  1  coaip  ±  {rl  +  r2+ X/i)  6\  1  +  *rlr2/[(rl  +  r2)  6] 


where 


(III.  18) 


r2  =h22+d2 


rl+r2> 


(hj+h^f+d2 


co»+  *  dl/rl  e  d2/r2  , 


•in  i|<  =  hj  /r1  =  h2  /r2 


6  * 


rl+r2  ] 


/■in2  4* 


^2  arc  by  (5,7),  and  X  is  the  radio  wavelength  in  kilometers. 

As  an  alternative  method,  the  points  x&  and  x^  may  be  computed  in  terms  of  path 
distance,  the  heights  h,'  an**  h2  and  the  radio  frequency,.  In  this  method,  the  distance 
Xq  to  the  center  of  the  first  Fresnel  tone  is  first  computed,  then  the  distance  Xj  from  the 
center  to  the  margin  of  the  zone  is  subtracted  from  x^  to  give  x^»  and  added  to  give  x^. 


d/2 


*;2> 


] 


km 


where 


B  = 


j  0.3d(l+2h'1h^/d2)  +  £(h'1+h^)2  j 


(in.  19) 


(m.  20) 


2  r  r  21  rl+(h;+h’)2/d2  - 

Xj  =  0.548  B  d£  |  fhjh^/d  +  0.075 (1 +  2  hjh^AT)  I - ;  -  l  (III.  21) 

2 


x^  =  x^  -  x^  km  ,  x^  =  Xq  +  km  . 
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Tha  mathod  given  is  (UL19)  to  (QL21)  Is  applicable  whiMvtr  d  >>  X.  U  ia  addi¬ 
tion,  hj  hj  <  <  d2,  tha  computation  of  B.  and  may  bo  olmpUflod  aa  follows: 

B  »  [o.Sd  +  £<h*x  ♦  ty2  j  ’l  <m.  22) 

Xj  «  0.941  $  d2  |[f  h|hj/d  +  0.075 j  £l  ♦  (h^ +hj)2/d2  j  J  W 23) 


} 


i 

i 


? 
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THE  COMPLEX  REFLECTION  COEFFICIENT  R«ilv~c) 
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THE  COMPLEX  REFLECTION  COEFFICIENT  R#i<*’*«l 
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THE  COMPLEX  REFLECTION  COEFFICIENT  Ri**"®* 
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THE  COMPLEX  REFLECTION  COEFFICIENT  Re  (^~C> 
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THE  COMPLEX  REFLECTION  COEFFICIENT  Re*(ir  C> 


i 


sc: 


■  E* 


.al£S3 


ill 

iii 


iuy 


:ss; 


[iHWH 


liHuf 


•  •umaiihuinmmi 

ililllsSSI 


sac::st:r: 

ssssssss: 


was 


Hli 


SlisUI 


riH2s£::ji 


uts: 

Sss: 

MIM< 

cw: 


>«*«•» 


UHW* 

HrHMM 

iimuH 


:bi 


r*  %»*••>««« 


b:x-. 


ii 


:*e: 


UliES: 


CSr/t&ABi 

Er::ss5: 
E:::cg 

ixH!s 

■ststi 


rri 


:wv 

v  n  m 


ill 


:55s: 


mimiiiiMiHf 


liiiifi 


*  Mi 

ip! 


•  raw  *  ■  »« 

:sis::«»Er 

:ssc:::::r.:tax: 

:sss.::t588”«s 


liijiii 
liilH 


HMVkanmitntn 

■  tMtiilllKflig 


IfPipr; 

liiiiilii 


Mlfliji 
■  MMU 


csss: 


Bel 

ssiissssia: 

ss’::£H 


HMMtM 

HOW* 


itsss: 


8  Mfif*  ■« 

UUMIM  rtK- ■'***■ 


mu 

Mill 


•  mMM 


irs&SEsssi 


Wm 

MIVUMifill 

::::Zs!:i 

sisSsiS:: 


ssai 


las: 


Imam 

lilliiii 


liiSii 


::::: 


ii 


£!: 


mu 


ill 


Frequency  inMH* 
30 
50 
70 
100 
200 
500 
1000 
2000 
5000 
toooo 


l““^"  -  >  UM  * 

•MMl.t*"**'*  W»2 

rw  *«**»«*>  ^^5 

r:::swu;-: 

,  rw.  »**•  •«*»■ 

>wt»  *»*c •  n  ■•r.«r  .*i 
in  m M a 1 1  j irv *  ►tm i tfr» • 


113 


SSSSSt 


ilhZS 


m 


_ Jk 


lttKHKl,' 


izlil 

ifpSE: 

«**«• 

Z&ll 

iafi;: 

mm.  *•■&** 


004  a 


;5t 


BW«a; 


aooi  0002  0005  001  002 

005  0.1  0 

tan  ip 

Figur*  ID. 7 

REFLECTION  COEFFICIENT, 


CGF  702-1 


PHASE  SHIFT  IN  RADIANS 


m 


I 


& 


I  ! 


CCP  702-1 


For  vp  S  3i  0(vp )  =  11. 45  vp  +2. 19  (vp )2  -  0. 206  (vp )3  -  6. 02  db.  (m.26a) 

For  3  <  vp  £  5:  U(vp )  -  13. 47  vp  +1. 05*  (vp )2  -  0. 04*  (vp )*  -  6. 02  db.  (10.26b) 

tor  vp  <  5:  U(vp)  a  20  vp  -  18.2  db*  (Ul*26<) 

An  average  allowance  for  terrain  foreground  effect*  may  be  made  by  adding  a  term 
10  exp  (-2.  3  p )  to  A(0,  p ) .  This  term  gives  a  correction  which  ranges  from  10  db  for 
p  =  0  to  1  db  for  pal. 

When  reflections  from  terrain  on  either  or  both  sides  of  the  obstacle  should  be  con¬ 
sidered,  the  method  given  in  the  following  section  may  be  used.  This  method  considers  the 
diffraction  loss  and  phass  lag  over  the  diffracting  obstacle,  and  the  path  length  differences 
and  reflection  coefficients  of  the  reflected  waves. 
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UZ.  1  Diffraction  over  a  Single  Isolated  Obstacle  with  Ground  Reflections 
Diffraction  over  an  iaolated  obstacle  is  discussed  in  section  7,  where  ways  of  approxi¬ 
mating  the  effects  of  reflection  and  diffraction  from  foreground  terrain  are  indicated.  Where 
the  effects  of  reflection  are  expected  to  be  of  great  Importance,  such  as  in  the  cats  of  prop¬ 
agation  over  a  large  body  of  water,  the  following  geometric  optics  method  may  bt  used. 

Figure  IU.9  illustrates  four  distinct  ray  paths  over  a  knife  edge  (which  may  be  rounded), 
the  first  ray  is  not  reflected  from  tht  ground,  the  second  and  third  are  each  reflected  once,  and 
the  fourth  ray  Is  reflected  once  on  each  side  of  the  obstacle.  Cach  ray  is  subject  to  a  diffraction 
lots  fj(v,  p)  and  a  phase  lag  $^(v,  p)  -  90  v  at  the  knife  edge,  where  j  *  t.  2,  3,  4.  Both 
fjfv,  p)  and  v,  p)  depend  on  the  parameters  v  and  p  given  in  section  OX,  2,  When  the  Iso¬ 
lated  obstacle  is  an  Ideal  knife  edge,  the  diffraction  loss  depends  only  on  tht  parameter  v,  which 
may  bt  written: 


v j  «  k  3  *  VTdToo^o.7r 


(UI.27) 


where  4^,  by  figure  OX.  9,  is 


Vrl0+r20-r00’  VrU*rU+r20-r0* 


S“rl0*,^l  +  ,^^'^03•  *4  *  rU  +  r12  +  r2l  +  *22*  *04  (III.  28) 


Path  differences  4^  used  to  calcuiats  v^  in  (HI.  27)  are  closely  spproxlmatsd  by  the 


following  formulas: 


V*. 

V'-  V“«VY  V  •**•>,  <“"> 

The  total  phase  lag  for  an  isolated  rounded  obstacle  path  relative  to  a  reference  free- 
apace  path  of  length  4  +  is  given  by 


tj(v,  p)  -  90  v^  »  #Vjt  0)  4  (HO,  p^)  ♦  Pj)  degress 


(ID.  30 a) 


where  the  functions  +(v#0),  +(0»p)»  and  Hvp)  *rs  plotted  as  dashed  curves  on  Ugurss 

7. 1,  7.4,  and  7.  5.  For  an  ideal  knife  edge,  whsrs  the  radius  of  curvature  of  the  crest  is  sero, 

p  ■  0  ,  and  (QI.  30a)  reduces  to 


for  v  >  0 


for  vSO 


♦j(v,  0)  -  90  v^  *  #v.,  0)  degrees 


(HI.  30b) 


♦^(v.  0)  -  90  v*  »  4(sy  0)  -  90  vj  degrees  (IH.  30c) 
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TS**  three  components  of  the  received  field  which  are  affected  by  reflection  from  the 

•  *  .rfact  depend  also  upon  effective  ground  reflection  coefficients  R^  exp(-i(w  -c^)] 

4  *  -i(»  •  cj]  »  defined' In  section  S*  and  upon  ray  path  differences  1  end  1  ; 

#  t  J  er  ]r 


Air  *  rll  '  r!2  *  'V'  i  vl  dU  dU/dl 


AJr  '  r2l  f  r22  *  r20~  C  v:  d2l  ‘WV 


(«.  in 


,  it  nr.*>  be  assumed  that  c^  •  c^  «  0  so  that  the  reflection  coefficients  are  -R  ^ 

•  *  •*.> 

Introducing  the  propagation  constant  k»  2*  A  rad /  meter  »  360/X  degrees/meter 
*  i  •% greeting  the  ray  path  differences  k  and  k  In  electrical  degrees*  the  alien- 
M  relative  to  free  space  Is  then 

A  -  -  20  log  f  |  •«!»(  -!<♦  {  -  90  vj |  .  R#J  ^  «xp(  -l(*t  .  W  v  j  ♦  k  ) 

•\ ,  <,  »»p(  *!(♦,  •  90  v  j  ♦  k  AJr]  ♦  R#J  R#J  <4  «p(  -»(«,  .  90  v*  ♦  k  ♦  k  AJr»]  1 }  db 

(UI.  in 

1  .#  ire  general  case  of  a  rounded  knlfe-vsdje,  the  magnitudes  r  a  f^(v,  p)  are  determined  from 

log  Cj(v.p)  «  •  A^KplAO,  (UX.JJ) 

A(v*p)  is  defined  in  (7,7)  and  shown  graphically  on  figure  7.  J.  The  total  phase  lag 
I  •  relative  to  a  reference  free  space  path  of  length  r^  is  defined  in  (7.  Da)  and 

til  I.al,  Components  for  A(v#  pi  and  *(v,  p)  are  shown  graphically  In  figures  7.  I*  7,4 
?,5.  Approximate  expressions  for  the  components  of  A(v,  p)  art  given  in  section  Ut.  2, 

For  the  iotal  knife-edge,  p  »  0,  and  the  f^  and  may  be  calculated  from: 

p  ■  ■  . .  £  .  5 

<j  *  ♦  w  “  *  cj  * */  ♦  <cj  - */•  ♦j*r^pJsJ 


cj  *  J  J  co,(  Ir) dt*  sj 1  f  J  *in(  *r)  d‘- 


(OID4) 


•  [  l^Soj.  end  the  NBS  AMS  55  Handbook  of  Mathematical  Functions  (  1964)  give 

tables,  series  expansions,  and  asymptotic  expressions  for  the  Fresnel  Integrals 
j  4‘-  •  Furthermore,  if  v*  is  larger  than  5; 


t.  »  0.22508/v.t  ♦  -  90  v  a  45  degrees 

i  J  J  }  * 


m 
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Figure  Ut.  10  it  a  nomogram  which  may  be  used  in  the  determination  of  f(vj  and  ^(v.)  for 
both  positive  a. id  negative  values  of  v  .  This  nomogram  is  based  on  the  representation  of 
Fresnel  integrals  by  the  Cornu  spiral. 

After  8.  d.  d  .  d  .  d  .  d  .  d  .  d  .  ^  ,  and  i  ,  as  shown  in  figure  111.  9  have 

X  Cm  Xm  X  Cm  C  I  CCm  X  Cm  0 

been  determined,  the  following  procedure  may  be  used. 

1.  Calculate  0^  and  for  j  3  1.  2,  3.  4,  using  (III.  29) . 

2.  Calculate  v..  C..  S  .  f  .  and  *.  -  90  v2  using  (III.  27).  (HI.  14).  (UI.  30)  and 

J  i  J  j  J  J 

figures  in  section  7  or  equivalent  mathematical  approximations. 

3.  Calculate  and  from  (111.31). 

4.  Calculate  R.  *  and  R  %  from  (5.1)-,  or  assume  that  R  .»  »  R  .  *  l  . 

e2  e3  e2  e3 

5.  Substitute  these  values  in  (111.32). 

To  check  the  calculation  of  each  v. .  the  approximation  given  in  (III.  27)  may  be  used, 
with  the  following  formulas  for  a  .  =  d_  Q./d  and  p  .  =  d,  9./d: 

Oj  2  j  oj  1  j 


°01  =  d2  0/d 

“02  =  °01  +  2dll*l  d2/(dl  d) 
“03  =  °0l  +  2d22  *2/d 


V  =  di  0/d  ' 

^02  =  ^01  +  2dll  Vd 

P03'(J0l  +  2d22*2V{d2d) 


04 


a  +  a 
02  03 


01 


8  =8  +8  -  8 
P04  K02  h03  h01 


(III.  36) 


A  special  case  will  be  described  for  which  (III.  29)  and  (III.  31)  may  be  simplified.  As¬ 
sume  that  each  reflecting  surface  may  be  considered  a  plane.  Let  and  h  be  the  heights 
of  the  transmitting  antenna  and  the  knife  edge  above  the  first  plane,  and  let  h^^  and  h^  be 
the  heights  of  the  knife  edge  and  the  receiving  antenna  above  the  second  reflecting  plane.  As¬ 
sume  that  Ar  is  very  small  for  every  A  .  In  terms  of  the  heights  h  ,  h  ,  h 

t  tm  r  m 

parameters  0,  d^*  and  and  the  parameter  d^/(2d)  : 


the 


A2r  =  2hthtm'V  A3r-2hrhrm/d2 

Vdr°2*  A2  =  dr(0  +  htmA2r»2 

A3  =  dr  (°  +  hrm  A3r)2  *  V  dr  (°  *  h«m  A2r  +  hrm  A3r>2  '  <“•  ™ 
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(Page  111-20  Intentionally  omitted) 
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BEYOND -HORIZON  KNIFE-EDGE 
DIFFRACTION  WITH  GROUND 
REFLECTIONS 


(KNIFE-EDGE  NORMAL  TO  RAY  PATH) 


Figure  ID  9 
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III.  4  Parameters  K  and  b  for  Smooth  Earth  Diffraction 


In  section  8,  the  parameter*  K  and  b  are  shown  on  figures  8.1  and  8.2  for 
horizontally  and  vertically  polarized  waves  for  poor,  average,  and  good  ground,  and  for  sea 
water. 

Auume  a  homogeneous  ground  in  which  the  relative  dielectric  constant  c  and 
conductivity  tr  of  the  ground  are  everywhere  constant*  K  and  b*  are  defined  as  follows: 


For  horizontal  polarization, 

-.2  -  2  2  **  ^ 
K=  1.7778  X  10  C  f3  [(*-1)  +x  ] 
h  o  L  J 


o  -1  {*  -  1  \ 

b^  =  180  -  tan  ( — - —  )  degrees 

For  vertical  polarization, 

K  =  («2  +  x2)  ^  K 
v  h 


b^  =  2  tan"  (c/x)  -  tan 


l(^f) 


degrees 


(III.  40a) 


(in.  40b) 


(in.  41a) 


(in.  41b) 


where  x  depends  on  the  ground  conductivity  a ,  in  mhos  per  me  ter,  and  the  radio  frequency 
f ,  in  megacycles  per  second,  and  has  been  defined  by  (UI.  7)  as 

x  r  l.sx  104  <r/f 

C  is  defined  in  section  8  as 
o 

i 

Cq  =  (8497/a)3 

where  a  is  the  effective  earth's  radius  in  kilometers. 

-4 

When  or/f  >>(«/2)X  10  ,  the  parameters  K  and  b*  maybe  written  as 


K,  e*  1.325  X  10'4C  f1/6ff'1/2  ,  b.  at  180°  an.  42) 

n  o  h 

K  at  2,385  C  ffl/2  f*5/6  ,  b  «  0°  (IU.  43) 

VO  V 

and  when  o-/ f  <  <  (« /2)  X  JO  \  the  parameters  K  and  b°  may  be  written  as 

Kh«  1.7778  X  10*2  Cq  f’T  (<- l)-^  ,  bh=s90°  (IU.  44) 

Kv“‘Kh’  bv“90*  (III.  45) 
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i 
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III,  5  Forward  Scatter 

The  attenuation  function  F(0d)  for  *=  250.  301,  350,  and  400,  shown  In  figure 
9. 1,  may  be  used  for  most  land-based  scatter  links.  When  a  path  is  highly  asymmetrical, 
the  attenuation  for  a  given  value  of  0d  is  less  than  it  would  be  for  a  symmetrical  path. 
Figures  III.  11  to  III.  14  show  the  function  F(0d)  for  values  of  s  from  0,01  to  1,  and 
for  =  250,  301,  350  and  400  .  For  values  of  0d  S  10 ,  the  effect  of  asymmetry  is  neg¬ 
ligible,  but  increases  with  increasing  8d,  particularly  when  s  <  0.  5. 

For  values  of  s  between  0.7  and  1,  the  function  F(0d)  for  =  301  maybe 
computed  as  follows: 

for  0.01<ed<10,  F(0d)  =  135.82  +  0.33  0d  +  30  log  (0d)  (III. 46) 

for  10  £  0d  5  70,  F(6 d)  =  129.  5  +  0.212  0d  +  37.  5  log  (0d)  {HI. 47) 

for  0d>7G,  F(0d)  =  119.  2  +  0. 157  0d  +  45  log  (0d) .  (III.  48) 


The  function  F(0d)  may  be  obtained  for  any  value  of  ,  by  modifying  the  value 
computed  for  =  301 1 

F(8d,  N#)  =  F(8d,  N§  =  301)  -  |V  1  (Ng-301)  e"0d/4° 

The  frequency  gain  function,  H  ,  for  the  special  case  h  =  h  frequently  used 

o  te  re  7 

in  systems  design,  is  shown  as  a  function  of  r  on  figures  HI.  15  to  III.  19  for  q  =  1,  2,  3, 

4.  5,  and  for  s  =  1,  0.5,  0.25  and  0.1.  In  this  case,  no  correction  factor  AH  is  re- 

o 

quired. 

The  function  Hq  for  T)  =  0 ,  shown  on  figure  9.  5  corresponds  to  the  assumption 

of  a  constant  atmospheric  refractive  index.  Except  for  the  special  case  where  h  =  h 

te  re 

this  function  may  be  computed  as  follows: 


2(1 -h  2/h  2) 
re  te  ' 


r  rc  ^ 

H(n, » o) «  10  log  J  — j - L 

1  r/  fhtrj)  -  h(r2)]J 


(III.  49) 


where  r  =4n8h  /X.,  r,  =  4ir8h  /l, 
1  te  '  2  re  * 
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i 

i 


I 

i 

? 

i 

i 


Vw 


and 


h(r j)  =  rj  ffij)  ,  f (r1)  =  Ci(rj)  «in  rx  +  [*/2  -  Si(r x)  ]  co»  r ^  {in.  50) 


b(r2)  =  r2  f(r2)  ,  f(r2)  =  Ci(r2)  »io  r£  +  [w/2  -  Si(r2)  ]  cos 


,  .  f  coat  .  C  ®int  j, 

Ci{r)  =  j  — —  dt  ,  Si(r)  =  J  — - — dt. 


(in.  5i) 


Values  of  the  sine  integral  Si(r)  and  the  cosine  integral  Ci(r)  for  arguments  from 
10  to  100  are  tabulated  in  volume  32  of  the  U.  S.  NBS  Applied  Math  Series  [1954].  See 
also  [NBS  AMS  1964  ].  The  function  h(r)  is  shown  graphically  in  figures  IH.20  and  111*21. 

For  the  special  case  of  equal  effective  antenna  heights,  h^  =  h^,  equation  (III.49) 
is  not  applicable.  In  this  case  Hq(t^  *  0)  is  computed  as: 


=  0)  =  10  log  {  —2 
L  r 


[h(r)  •  r  g(r)  ] 


} 


(HI.  52) 


where 


g(r)  *  Ci(r)  cos  r  -  [ir/2  -  Si(r)  ]  sin  r 


(in.  53) 


When  the  effective  height  of  one  antenna  is  very  much  greater  than  that  of  the  other, 
the  computation  may  be  simplified  as  follows: 


For  r,  <  <  r  ,  H  (tj  =  0)  *  10 

C  1  O  8 


log  {— — i - } 

W2[l.h(r2)]  J 

For  r,  >>  r . ,  H  (i»  =  0)  =  10  log  -f— * - - - \  , 

2  1  lr^[l-h(r  j)]/ 


(UI.  54a) 


(in.  54b) 


in- 2  5 
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Figure  in. 20 
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IE.  6  Transmission  Loss  with  Antenna  Beam*  Elevated 
or  Directed  Out  of  the  Great  Circle  Plane 


c?- 


^7 


The  methods  of  section  9  may  be  modified  to  calculate  a  reference  value  of  long-term 
median  transmission  loss  when  antenna  beams  are  either  elevated  or  directed  away  from  the 
great  circle  path  between  antennas.  For  many  applications,  the  average  transmission  loss 
between  antennas  with  random  relative  orientation  is  about  10  db  more  than  the  basic  trans¬ 
mission  loss,  which  assumes  zero  db  antenna  gains. 

Figure  HL22  shows  scattering  subvolumes  at  intersections  of  antenna  main  beams 
and  side  lobes.  A  ‘'scatter11  theory  assumes  that  the  total  power  available  at  a  receiver  is 
the  sum  of  the  powers  available  from  many  scattering  subvolumes.  For  high  gain  antennas, 
the  intersection  of  main  beams  defines  the  only  important  scattering  volume.  In  general/ all 
power  contributions  that  are  within  10  db  of  the  largest  one  should  be  added. 

For  a  total  radiated  power  : 

-0.1  L  -0.1  L. 

w^/w  =10  Sr  ,  wal/wt  =  10  *'  (EL  55) 


where  L  is  the  transmission  loss  and  L.  is  the  loss  associated  with  the  ith  power 
sr  i 

contribution,  w^: 


=  -  10  log  (wa/Wt) 


-0.1 

10 


h. 

i 


(m.  56) 


L.  =  30  log  f 


20l6g{d  /r  )  +  F(6  .d)  -  F  .  +  H  .  +  A  -  G4. 

sv  o'  ei  oi  oi  a  U 


G  .  +  L,  t 

n  gi 


(m.  57) 


In  (III. 57)  f,  d,  and  A^  are  defined  as  in  (9.1)  and  the  other  terms  are  related  to 

similar  terms  in  (9.1).  If  the  effective  scattering  angle  0^.  for  the  ith  intersection  is 

equal  to  the  minimum  scattering  angle  0,  then  FfS^.d),  Fq.,  are  equal  to  F{0d), 

F  ,  and  H  ,  and  G  .  +  G  .  -  L  .  =  G  .  Note  that  a  term  20  log(r  / d)  has  been  added 
o  o  ti  n  gi  p  °  o 

in  (III. 57)  to  provide  for  situations  where  the  straight  line  distance  r^  between  antennas 
is  much  greater  fhan  the  sea -level  arc  distance  d.  Such  differences  occur  in  satellite  com¬ 
munication. 

Scattering  planes,  defined  by  the  directions  of  incident  and  scattered  energy, may  or 
may  not  coincide  with  the  plane  of  the  great  circle  path.  Each  "scattering  plane"  is 
determined  by  the  line  between  antenna  locations  and  the  axis  of  the  stronger  of  the  two 
intersecting  beams,  making  an  angle  i  with  the  great  circle  plane. 


4 
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The  free  space  directive  gain  pattorn*  of  the  antenna  J  aro  replacod  by  equivalent  values 
for  sase  in  computation.  For  an  Idealised  pencil -beam  antenna  with  a  haU-powor  boamwldth 
26  and  a  circular  beam  crecr -Section,  the  directive  gain  g  i*  4/fi2,  assuming  that  all  of 
the  power  is  radiated  through  the  main  beam  and  between  the  Half-power  points.  An  equiva¬ 
lent  beam  pattern  with  a  square  cross-section  and  a  scml-bcamwidth  6q  has  a  gain  of 

e/6^*  thus  6  =  6^/ tr/4,  and  the  maximum  free  space  gains  are 
o  o 

G  =  10  log  a  =  4.97  -  10  log  6  db  (1U.  58a) 

t  to  two  tzo 

G  =  10  log  g  =  4.97  -  10  log  6  6  db  (III.  58b) 

r  ro  rwo  rzo 


where  the  subscripts  nr  and  z  refer  to  azimuthal  and  vertical  angles.  In  most  cases, 

'/ 

6  and  6  may  be  replaced  by  their  geometric  mean,  6  -  (6  6  )  •  The  free  space 

directive  gain  of  a  main  beam  may  be  measured  or  approximated  as  g^c*  x/{2  f>WQ&zo)*  Gain* 
for  side  lobes  arc  determined  from  and  the  ratios  g^/g^,  g^/g^  •••  »  which  may  be 

measured  or  calculated.  The  average ‘gain  g^  for  other  directions  depends  on  the  fraction 
of  power  radiated  in  those  directions.  For  instance,  if  half  the  total  power  of  a  transmitter 
is  radiated  in  these  directions,  and  if  the  polarization  coupling  loss,  L^,  ^  db,*  then 

G.  *  L  =  -  6  db 

Dt  Cp 

since  the  definition  of  the  directive -gain,  G^,  assumes  for  every  direction  the  receiving 
ar.tenr.a  polarization  appropriate  for  maximum  power  transfer. 

Figure  III. 2 3  shows  an  antenna  power  pattern  in  several  different  ways,  including  a 
Mercator  projection  of  the  surface  of  a  unit  sphere. 

The  plane  that  determines  the  "bottom"  of  a  beam  is  perpendicular  to  the  great 
circle  piar.e  and  forms  an  angle  with  a  horizon  plane: 


w  =  u,  -  6 

ti  bti  et 


4*  =9  .  -  0 

n  bn  cr 


(III.  59) 


urere  :s  the  angle  of  elevation  of  the  lower  half-power  point  of  a  beam  above  the  hori- 


zcr.tal,  ar.c 


:s  defined  in  section  6,  If  an  antenna  beam  is  elevated  sufficiently  so  that 


r*v  ber.cir.c  r.rav  be  r.e  elected,  the  ancles  a  and  ft  are  denoted  a  and  6  : 

r  e  rc  eo  reo 


{a  +  w  )  sec  ;  , 
00  t 


p  =  (P  +40  flec  (, 
eo  roo  r 


(ID.  60) 


u-.erc  ?  is  the  angle  aw  ay  from  the  great  circle  plane.  The  angles  a and  are 

ze:-nec  a=  _r.  section  6  jsr.c  the  actual  radius,  a  6370  km,  instead  of  an  effective  radius 

*“  o 
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When  ray  bending  must  be  considered,  the  equations  for  and  are 


a  =  a  +  Tl 
e  eo  1 


dLtSec4 


(QL  6la) 


„  „  ♦  ,(.  .  »).rU 


(IIL  6lb) 


where  t(0  ,  d,  N  )  is  the  bending  of  a  radio  ray  which  takes  off  at  an  angle  0  above  the 
horizontal  and  travels  a  kilometers  through  an  atmosphere  characterized  by  a  surface 
refractivity  N^.  The  ray  bending  t  may  be  determined  using  methods  and  tables  furnished 
by  Bean  and  Thayer  [  1959  }.  For  short  distances,  d,  or  large  angles,  0^,  r  is  neglig¬ 
ible.  If  0^  is  less  than  0.1  radians,  the  effective  earth*s  radius  approximation  is  adequate 
for  determining  't. 


(HL  62) 


The  reference  value  of  long-term  median  transmission  loss  is  computed  using 

(HI.56)  where  the  losses  associated  with  several  scattering  subvolumes  are  computed  using 

(111.57).  The  attenuation  function  F(d6^.)  is  read  from  figure  9.1  or  figures  IH.11  -  111.14 

as  a  function  of  0  .. 

ei 

The  generalized  scattering  efficiency  term  F  .  is 


F  .  =  1.086 (n  /h  )  i2  h  -  h  -  h  -  hy  .  h  ) 
oi  *se  e  o  1  e  Lt  Lr' 


(III.  63) 


=  °C+Pe*  8e  =  ae/Pe’  he  *  Se  d  V(  1  +  ®e)  '  V  =  W  Ns}  l111-*4) 


and  the  other  terms  are  defined  in  section  9.  In  computing  the  frequency  gain  function  H^, 

if  a  >  a  use  r  =  <c,  if  6  >  6  use  r_  =  then  H  .  =  H  +3  db.  If  both  antennas 
e  o  l  e  o  l  oi  o 

are  elevated  above  the  horizon  rays,  H^.  =  6  db.  Atmospheric  absorption  is  discussed 

in  section  3.  The  gains  G  .  and  G  .  are  the  free  space  directive  gains  defined  by  (IH.  58), 
and  the  loss  in  gain  L  .  is  computed  as  shown  in  section  9  replacing  n  ,  s,  6,  and  0 

gl  iS 

by  t)  ,  9  ,  6  ,  and  0  . 
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SCATTERING  SUB  VOLUMES  IN  A  SCATTERING  PLANE 
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ILLUSTRATION  OF  A  SCATTERING  PLANE  CONTAINING 
THE  MAIN  BEAM  OF  THE  RECEIVING  ANTENNA 


DEVIATION  FROM  POWER  GAIN  IN  <Jt  RELATIVE 

RADIANS  TO  AN  ISOTROPIC  ANTENNA 
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III.  7  Long-Term  Power  Fading 

Long-term  power  fading  is  discussed  in  section  10.  Figures  10.  5  to  10.  16  show  em¬ 
pirical  estimates  of  all-year  variability  for  (1)  continental  temperate  (2)  maritime  temperate 
overland  and  (3)  maritime  temperate  oversea  climates.  The  curves  shown  on  these  figures 
are  based  on  a  large  amount  of  data.  Estimates  of  variability  in  other  climates  are  based  on 
what  is  known  about*  meteorological  conditions  and  their  effects  on  radio  propagation,  but  have 

relatively  few  measurements  to  support  them. 

Figures  131*25  to  131*29  show  curves  of  variability  relative  to  the  long-term  median* 

prepared  by  the  CCIR  [  1963  f  ]  for  the  following  climatic  regions: 

(4)  Maritime  Subtropical  Overland* 

(5)  Jblaritime  Subtropical*  Oversea.* 

(6)  Dosert. 

(7)  Equatorial* 

(8)  Continental  Subtropical. 

In  some  cases,  random  path  differences  have  undoubtedly  been  attributed  to  climatic  dif¬ 
ferences.  Available  data  were  normalised  to  a  frequency  of  1000  MHz,  and  the  curves 
correspond  to  this  frequency.  They  show  all-year  variability  Y(q,  d^*  1000  MHz)  about  the 
long-term  median  as  a  function  of  the  effective  distance  defined  by  (10.3).  Variability 
estimates  for  other  frequencies  are  obtained  by  using  the  appropriate  correction  factor  g(f) 
shown  in  figure  III.  30: 

Y(q)  «  Y(q,  de*  1000  MHz)  g(f).  (IXL  66) 

The  empirical  curves  g(f)  are  not  intended  as  an  estimate  of  the  dependence  of  long¬ 
term  variability  on  frequency,  but  represent  an  average  of  many  effects  that  are  frequency- 
sensitive,  as  discussed  in  section  10* 

Variability  about  the  long-term  median  transmission  loss  L(0.  5)  is  related  to  the 

long-term  reference  median  L  by  means  of  the  function  V(0.  5,  d  )  shown  on  figure  10, 1. 

cr  e 

The  predicted  long-term  median  transmission  loss  is  then: 

L(0 . 5)  *  Lcr  -  V(0 . 5,  dc)  (HI*  67) 


and  the  predicted  value  for  any  percentage  of  time  is 

L(q)  «  L(0,5)  -  Y(q)*  (UL68) 

*  Curves  for  climate  5  have  boen  deleted.  They  were  based  on  a  very  small  amount  of 
data.  For  hot,  moist  tropical  areas  use  climate  4,  and  for  coastal  areas  where  prevailing 
winds  are  from  the  ocean,  use  climate  3. 
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HI.  7.  1  Diurnal  and  Seasonal  Variability  in  a  Continental  Temperate  Ciimate 

The  curves  8 ho wn  in  figure*  10.5  to  10.16  and  IH.25  to  HI.29  represent  variability 
about  the  long-term  median  for  all  hours  of  the  day  throughout  he  entire  year*  For  certain 
applications,  it  is  important  to  know  something  about  the  diurnal  and  seasonal  changes  that 
may  be  expected.  Such  changes  have  been  studied  in  Jthe  continental  United  States,  where  a 
large  amount  of  data  is  available*  Measurement  programs  recorded  VHF  and  UHF  trans¬ 
mission  lose  over  particular  paths  for  at  least  a  year  to  determine  seasonal  variations.  Data 
were  recorded  over  a  number  of  paths  for  longer  periods  of  time  to  study  year-to-year 
variability. 

As  a  general  rule,  transmission  loss  is  less  during  the  warm  summer  months  than  in 
winter,  and  diurnal  trends  are  usually  most  pronounced  in  summer,  with  maximum  trans¬ 
mission  loss  occurring  in  the  afternoon.  The  diurnal  range  in  signal  level  may  be  about 
10  db  for  paths  that  extend  just  beyond  the  radio  horizon,  but  is  much  less  for  very  short  or 
very  long  paths.  Variation  with  season  usually  shows  maximum  losses  m  mid-winter, 
especially  on  winter  afternoons,  and  high  fields  in  summer,  particularly  during  morning 
hours.  Transmission  loss  is  often  much  more  variable  over  a  particular  path  in  summer 
than  it  is  during  the  winter,  especially  when  ducts  and  elevated  layers  are  relatively  common. 

The  data  were  divided  into  eight  "time  blocks"  defined  in  table  IU.  1*  The  data  were 
assumed  to  be  statistically  homogeneous  within  each  of  the  time  blocks.  With  more  and 
shorter  time  blocks,  diurnal  and  seasonal  trends  would  be  more  precisely  defined,  except 
that  no  data  would  be  available  in  some  of  the  time  blocks  over  many  propagation  paths.  Even 
with  the  division  of  the  year  into  winter  and  summer  and  the  day  into  four  periods  as  in  table 
III.  1,  it  is  difficult  to  find  sufficient  data  to  describe  the  statistical  characteristics  expected 
of  transmission  loss  in  Time  Blocks  7  and  8. 


Table  HI.  1 

Time  Blocks 

No. 

Months 

Hours 

1 

Nov, 

-  Apr. 

0600  -  1300 

2 

Nov. 

-  Apr. 

1300  -  1800 

3 

Nov, 

-  Apr. 

1800  -  3400 

4 

May 

-  Oct. 

0600  -  1300 

5 

May 

-  Oct. 

1300  -  1800 

6 

May 

-  Oct. 

1800  -  2400 

7 

May 

-  Oct. 

0000  -  0600 

8 

Nov, 

-  Apr. 

0000  -  0600 

In  some  applications,  it  is  convenient  to  combine  certain  time  blocks  into  groups,  for 
instance,  some  characteristics  of  long-term  variability  arc  significantly  different  for  the 
winter  group  (Time  Blocks  1,  2,  3,  8)  than  tor  the  summer  group  (Time  Blocks  4,  5,  6,  7). 
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In  other  climatic  regions,  if  the  annual  range  of  monthly  average  values  of  N#  is 
less  than  20  N  units  (figure  Ill,  11),  seasonal  variations  are  expected  to  be  negligible.  One 
would  also  expect  less  diurnal  change,  for  example,  in  a  maritime  temperate  climate  where 
changes  In  temperature  during  the  day  are  less  extreme.  In  climates  where  N#  changes  con¬ 
siderably  throughout  the  year,  the  consecutive  4-6  month  period  when  is  lowest  may  be 
assumed  to  correspond  to  "winter”,  whatever  months  may  be  involved. 

For  the  U.S,  only,  the  parameter  V(0.5,  d^)  for  each  of  the  eight  time  blocks  and  for 
"summer"  and  "winter”  is  shown  in  figure  m.  32,  Curves  of  the  variability  Y(q,  d^,  100  MHz) 
about  the  long-term  median  for  each  of  these  times  of  day  and  seasons  are  shown  in  figures 
III.  33  to  UI.  42.  These  curves  are  drawn  for  a  frequency  of  100  MHs ,  Figures  111,  33  and 
III.  34  show  the  range  0,01  to  0.99  of  Y(q,  d^,  100  MHs)  for  the  winter  time  blocks,  1,2,3, 

8  and  the1  summer  time  blocks  4,  5,  6,  7,  Each  group  of  data  was  analysed  separately.  Some  of 
the  differences  shown  between  time  blocks  1,  2,  3,  and  8  are  probably  not  statistically  signifi¬ 
cant.  Marked  differences  from  one  time  block  to  another  are  observed  during  the  summer 
months. 

Figures  HI.  35  through  111.42  show  data  coded  in  the  following  frequency  groups,  SB- 
108,  108  -  250  and  400  to  1050  MHs  as  well  as  curves  for  Y(q)  drawn  for  100  MHs  .  In  gen¬ 
eral  these  figures  show  more  variability  in  the  two  higher  frequency  groups  especially  during 
"summer"  (time  blocks  4,  5,  6  and  7).  Because  of  the  relatively  small  amount  of  data  no  at¬ 
tempt  was  made  to  derive  a  frequency  factor  g(q,  f )  for  individual  time  blocks. 

The  curves  for  summer,  winter,  and  all  hours  shown  in  figures  10, 13  through  10.22 
represent  a  much  larger  data  sample,  since  time  block  information  was  not  available  for 
some  paths  for  which  summer  or  winter  distributions  were  available. 

The  smooth  curves  of  V(0.5,  d)  and  Y(q*  d  ,  100  MHs)  versus  d  shown  in  fig- 

e  e  e 

ures  10.13,  10.14,  IH.  25  to  III.  29  and  HI.  32  to  III. 42  may  be  represented  by  an  analytic  func¬ 
tion  of  the  general  form: 


where 


r  n.  .  n3 

Y(0.1)/=  |Cjde  -  f2Id#)  j  ,xp{- c3d#  l+W 

-Y(0.9)! 

/ 


W  * 


4  (f  -  f  )  exp(-c_ 
m  »  r'  2 


(HI.  69 


(HI.  70) 


I 

n 


\ 


The  terms  c.,  c_,  c,,  n1#  n*,  n_,  f  ,  and  f  in  (IH.  69)  and  (IH.  70)  are  constants 
l  L  3  i  c  3  m 

for  any  given  time  block  and  value  of  q  .  The  parameters  f  and  f^  are  maximum  and 
asymptotic  values,  respectively.  Tables  HI.  2  to  HI.  4  list  values  of  the  eight  parameters  re¬ 
quired  In  (IH.  69)  to  obtain  V(0.  5,  dft) ,  Y(0. 1,  d'  #  100  MHz)  and  -Y(0.9,  de<  ICO  MHz)  'or  the 
eight  time  blocks  In  table  UI.  1,  and  for  summer,  winter,  and  all  hours.  The  constants  given 


Ul-46 

P-394 
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In  Tables  32.2  to  HI. 4  for  furmer,  winter  and  all  hoars  were  determined  csisg  ody  radio 
paths  for  which  time  block  Information  1*  available.  They  do  not  yield  me  carves  shown  In 
figures  10. 13  and  10. 14  of  section  10,  which  represent  a  much  larger  data  sample. 

Tables  HI.  5  to  IH.  7  list  values  of  the  eight  parameters  in  (HL  69}  required  to  compete 
V(0.  5),  Y(0. 1,  d^,  f  Y(0.9,  d^,  for  each  of  the  climatic  regions  discussed  In 

section  10,  Volume  1,  and  section  HI.  7  of  this  annex. 


VJ7 


IU-47 

F-395 


Time  Blocks  "S*1,  "W*',  and  •'A*'  are  all  hours  summer,  all  hours  winter,  and  all  hours  all  year 
respectively.  See  Table  III.  1  for  definitions  of  the  other  time  blocks. 

Small  digits  reoresent  the  exponent  of  the  number,  for  example  2,  33"*  ■  2.  33  X  10“*. 
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Note  -  These  constants  will  yield  positive  values,  i.e.,  -Y(0.9»  d  )  .  Corresponding  curves  of  Y(G.9#  <1  )  sro  drawn  on  the  figures 
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m.7.2  To  l£x  Distribotioa* 

When  a  prediction  is  it^idrfd  for  a  period  of  time  not  shown  oo  the  fi|om  or  listed 
in  the  tables,  it  may  sometimes  be  obtained  by  mixing  the  known  distributions.  For  example, 
the  distributions  for  time  blocks  5  and  6  would  be  mixed  if  ooe  wished  to  predict  a  cumulative 
distribution  of  transmission  less  for  summer  afternoon  and  evening  hours.  In  mixing  dis¬ 
tributions,  it  is  important  to  average  fractions  of  time  rather  than  levels  of  transmission  loss. 
Distributions  ci  cata  for  time  blocks  may  also  ae  mixed  to  provide  distribution*  for  ctber 
periods  of  time.  For  example^  data  distriboiLcne  for  time  blocks  1,  £»  3,  ana  ft  were 
jx;xed  to  provide  distributions  of  data  for  'Vinter*,  When  averages  are  properly  weighted, 
such  mixed  distributions  are  practically  identical  lo  direct  cumulative  distributions  of  the 
total  amount  of  data  available  for  the  longer  period. 

The  cumulative  distribution  of  N  observed  hourly  median  values  is  obtained  as 

follows:  (1)  the  values  are  arranged  in  order  from  smallest  to  largest,  L^,  L^,  Ly - , 

L  ,  - — ,  Llt,  (2)  the  fraction  q  of  hourly  median  values  less  than  L  is  computed: 
n  N  n 

,  a  1  . 

q  ^  N  *  2N  ' 

(3)  a  plot  of  L.^  versus  q(n)  for  values  of  q  from  1/(2N)  to  1  -  1/(2N)  is  the 
observed  cumulative  distribution. 

To  mix  two  distributions,  the  following  procedure  is  used:  (1)  choose  ten  to  fifteen 

levels  of  transmission  loss  L^, - ,  L^#  covering  ths  entire  range  of  L(q)  for  both  die* 

tributions,  (2)  at  each  of  these  levels,  read  the  value  q  for  each  distribution  and  average 
these  values,  (3)  plot  each  selected  level  of  transmission  loss  at  the  corresponding  average 
fraction  of  time  to  obtain  the  "mixed”  distribution.  In  this  way,  any  afimber  of  distributions 
may  be  combined,  if  each  of  them  represent!  the  seme  ndflifcet  of  bojts.  If  the  number  of 
hours  is  not  the  same,  a  weighted  average  value  q  should  b€  C atfip0qd,  using  as  weights  the 
number  of  hours  represented  by  efttfh  distribution* 
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I  Th«-  runrei  for  climate  5,  Maritime  Subtropi*  *1  Oversea*  hare  been  deleted.  These 

|  were  baaed  ou  a  very  email  amount  of  data.  Data  obtained  since  the  preparation  of  these 

:  curves  indicate  that  the  following  give  good-estimates: 

* 

-  Climate  4,  Maritime  Subtropical  Overland*  for  hot  moist  tropical  areas  or  climate 

3.  Maritime  Temperate  Oversea,  for  coastal  areas  where  the  prevailing  winds  are  from 
the  ocean. 
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EFFECTIVE  DISTANCE  ,  de  ,  IN  KILOMETERS 


ATE  7,  EQUATORIAL 


EFFECTIVE  DISTANCE  .  de  ,  IN  KILOMETERS 


EFFECTIVE  DISTANCE  ,  de  ,  IN  KILOMETERS 


FUNCTION  V(0.5,  de)  FOR  VARIOUS  PERIODS  OF  TIME  IN  THE  U.S  A. 
L(05)  1  Lcr  -  VI0.5,  de)  db 


EFFECTIVE  DISTANCE  ,  dc  ,  IN  KILOMETERS 
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F-411 


EFFECTIVE  OISTANCE,  de,  IN  KILOMETERS 


SUMMER  TIME  BLOCKS,  MAY  - 
CURVES  FOR  88-108 


ID  *64 
F-41? 


EFFECTIVE  DISTANCE,  de ,  IN  KILOMETERS 


TIME  BLOCK  2,  NOV.  -  APRIL,  1300  -  1800  HRS.,  U.  S.  A. 
CURVES  SHOW  Y(q,  de)  FOR  THE  FREQUENCY  RANGE  88  -  108  MNZ 


EFFECTIVE  DISTANCE.  d*  „  IN  KILOMETERS 


hi -67 
F-415 


EFFECTIVE  DISTANCE.  d# ,  IN  KILOMETERS 


FREQUENCY  RANGE 
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F-416 


EFFECTIVE  DISTANCE,  de#  IN  KILOMETERS 


EFFECTIVE  OlSTANCE,  de,  IN  KILOMETERS 


TIME  BLOCK  5,  MAY  -  OCT.,  1300-1800  HRS.,  U.  S.  A. 
CURVES  SHOW  Y(q,  de)  FOR  THE  FREQUENCY  RANGE  88  -  108  MHZ 
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EFFECTIVE  OISTANCE,  de,  IN  KIL0METER9 


EFFECTIVE  DISTANCE,  de,  IN  KILOMETERS 


TIME  BLOCK  7,  MAY  -  OCT.,  0000-0600  HRS.,  U.  S.  A. 
CURVES  SHOW  Y(q,  d.)  FOR  THE  FREQUENCY  RANGE  88  -108  MHz 
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A(Vj) 
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III.  8  List  of  Special  Symbols  Used  in  Annex  III 

I 

Attenuation  relative  to  free  s*pace  for  each  of  several  rays  as  a  function  of  the 
parameter  v.,  where  J=  1,^,  3,4,  (III.  34). 

The  parameter  b,  a  function  of  ground  constants,  carrier  frequency,  and  polari¬ 
zation,  expressed  in  degrees,  figure  8.2,  and  equations  (III.  40)  and  (HI*  41). 

The  parameter  b  for  horizontal  polarization  defined  by  (III.  40). 

The  parameter  b  for  vertical  polarization,  (111.41) 

A  parameter  showing  the  phase  change  associated  with  the  complex  plane  wave 
reflection  coefficient  R  exp  (  -i(Tr-c)]  corresponding  to  reflection  from  an  in- 
finite  smooth  plane  surface,  (8.4)  figures  III.  i  through  III.  8. 

Values  of  c  for  horizontal  as\d  vertical  polarization,  respectively,  (III.  13)  and 
(III.  14)  figures  HI.  1  through  III. 8. 

Fresnel  integral,  (III.  33),  where  j=  1,  2,  3,  4. 


Ci(r),  Ci(r j),  Ci(r2) 


Cosine  Integral  as‘ a  function  of  r,  (III.  51),  and  r^  (III.  50). 


dll,d12‘  d2l'd22 


VVVf4 

f(rl).  f(r2) 

f(v.) 

f«V 


oi 


F(8eld) 


8b‘  8bt 


B(0 

Gb*  Gbt 
Grl*  Gtl 


h  ,  h 
rm  tm 


Distance  used  in  calculating  ground  reflections  in  knife  edge  diffraction;  d^  is 
defined  by  (111.29). 

Distances  used  in  computing  diffraction  attenuation  with  ground  reflec¬ 
tions,  (IH.31)  figure  III.  9. 

Diffraction  loss  for  each  of  several  distinct  rays  over  an  isolated  obstacle, 
where  j«  1,  2,  3,  4,  (III.  32-UI.  35) . 

Diffraction  loss  for  each  of  four  distinct  rays  over  an  Isolated  obstacle,  (III.  32). 

Functions  of  the  normalized  antenna  heights  r^  and  r^,  (IU.  50). 

A  function  identically  equal  to  f^  for  v  =  v^ ,  (III,  33)  figure  III,  10. 

A  factor  used  to  reduce  estimates  of  variability  for  antenna  beams  elevated 

above  the  horizon  plane,  (111,65)  figure  IU.  22.  See  0,  and  0, 

*  th  ^  ® 

Scattering  efficiency  correction  term  for  the  i  lobe  of  an  antenna  pattern, 

(III.  63) . 

This  function  is  the  same  as  F(Qd)  with  the  effective  angular  distance  G 

C  l 

atituted  for  the  angular  distance,  6,  annex  IU,  (IU.  57) . 

A  high  gain  antenna  radiates  watts  per  unit  area  in  every  direction  not  ac¬ 
counted  for  by  the  main  beam  or  by  one  of  the  side  lobes  of  an  antenna.  The 
gain  g^  for  a  transmitting  antenna  is  g^,  section  IH.6. 

A  frequency  correction  factor  shown  in  figure  IU.  30,  (UI.66). 

Decibel  equivalent  of  gb#  Gfe  =  10  log  gb#  and  of  g^,  annex  UI  section  III.  o. 
Gains  oi  the  i^1  lobe  of  receiving  and  transmitting  antennas,  respectively, 

(UI.  57). 

A  height,  using  elevated  beams,  that  Is  equivalent  to  h^  for  horizon  rays, 

(IU.  63) . 

Height  of  a  knife  edge  above  a  reflecting  plane  on  the  receiver  or  transmitter 
side  of  the  knife  edge,  (UI.  37). 


sub- 


IH.73 


Fi4?l 


CCP  702-1 


h(r)  A  function  of  r  showp  In  figure*  III.  20  and  HI.  21. 

h(r.),  h(  r  )  A  function  of  r  or  r  defined  by  (III.  50)  and  shown  on  figure*  III.  20  and 

12  12 

HI*  21. 

H  The  frequency  gain  function  for  the  I**1  beam  intersection  in  a  scattering  plane 

ot 

(HI.  57). 

J  Represent*  a  aerie*  of  subscript*  1,  2,  3,4,  a*  u*ed  in  equation*  (HI.  27)  to 

(HI.  35). 

K  The  diffraction  parameter  K  for  horizontal  polarization,  aectio.n  HI.  4. 

h 

K  The  diffraction  parameter  K  for  vertical  polarization,  section  HI.  4. 

v  th 

L  Lo**  in  antenna  gain  for  the  i  scattering  *ubvolume,  (HI.  57). 

Bl  th 

Transmission  loss  associated  with  the  i  power  contribution,  (HI.  55)  and 

(III.  57). 

L  ,  L  . . .  L  . .  .  L  A  aeries  of  hourly  median  values  of  transmission  loss  arranged  in 
1  2  n  N 

order  from  th*  smallest  to  the  largest  value,  section  IH.  7. 

L(q)  Transmission  loss  exceeded  a  fraction  q  of  the  time,  (111.65), 


m.  ,  m  Parameters  *  «<*d  in  computing  the  magnitudes  RL  and  R  of  the  smooth 

h  v  h  v 

plane  earth  reflection  coefficient  R*  (HI.  10). 

mho.  A  unit  of  conductance,  the  reciprocal  of  resistance  which  is  measured  In  ohms, 

figures  HI.  1  to  III. 8. 

p  A  function  of  the  dielectric  constant  and  grazing  angle  used  In  computing  the 

plane  wave  reflection  coefficient,  (HI.  8). 

q  A  parameter  used  In  calculating  a  plane  wave  reflection  coefficient,  (HI.  7)  to 

(III.  14). 

r  1  T  r  1 2#  r21*  r ll  Distances  to  and  from  the  bounce  point  of  reflected  rays,  (HI.  28)  fig¬ 
ure  111,  9 

R.  Plane  earth  reflection  coefficient  R  for  horizontal  polarization,  (III,  12)  and 

h 

figures  Ul.  1  to  III.  8. 

R^  Plane  earth  reflection  coefficient  R  for  vertical  polarization,  (1H.  12)  figures 

Ul.  1  to  UI.8. 

•  Path  asymmetry  factor  for  beams  elevated  above  the  horizon,  s  =  q  /fi  . 

e  e  e  t 

(III.  64), 

Si(r)  Sine  Integral  as  a  function  of  r,  (IH.  51*. 

h  reanel  integral,  (111.33). 

v  The  parameter  v  for  each  of  j  paths  over  an  isolated  obstacle,  (Ul.  27). 

J  th 

w  Contribution  to  the  total  available  power  from  the  i  scattering  subvolume, 

&  1 

(HI.  55)  ami  (IV.  U) 

x  .  x  Points  at  whti  h  a  first  1  resnel  ellipse  cuts  the  great  circle  plane,  III.  18  to 

a  b 

HI. 23. 

^  The  angles  between  the  1  bottoms"  of  transmitting  or  receiving  antenna  beams 

or  side  lobes  and  a  line  joining  the  antennas,  (HI.  61). 


IU-74 
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^eo'  ^eo 


Oj  Oj 

a  »  «  * 

o  1  01 


Angle*  and  ^  for  the  lobe  of^an  antenna  pattern. 

When  beam*  are  elevated  sufficiently  that  there  is  no  bending  of  the  ray  dqe  to 
atmospheric  refraction  a ^  *  ae0»  Pc  *  ^e0*  (HI*  60);  when  ray  bending  must  be 
considered  «e  and  (3^  are  computed  using  (III,  61)  ♦ 

The  angles  (3q  made  by  each  of  j  rays,  over  an  Isolated  obstacle,  (111,  36), 

|3  9  [5  The  angles  a  and  6  for  each  of  four  rays  over  an  Isolated  obstacle* 
r01  02  *  0  r0  7 

(III.  36). 

A  parameter  used  in  computing  the  first  Fresnel  zone  in  a  reflecting  plane, 

‘(HI.  18). 


6  ,  6 
rwo  two 


U  ,  6, 
rzo  tzo 


wo 


Ar  A2*  A3* 


W* 


{ twl’  *  tw2 
*t*l'  *tzZ 


The  effective  half-power  semi-beamwidth  of  an  antenna,  section  III,  6. 

The  effective  half-power  sqmi-beamwidth  of  an  antenna  that  is  elevated  or  di¬ 
rected  out  of  the  great  circle  plane,  section  HI.  6. 

The  semi-beamwidth  of  an  equivalent  beam  pattern  with  a  square  cross-section 

6  -  6n/tt7T,  section  III.  6, 
o 

Azimuthal  equivalent  semi-beamwidths  with  square  cross-section,  (III.  58) 
figurc-IH,  23. 

Vertical  angle  equivalent  semi-beamwidths  with  square  cross-section,  (HI,  58) 
figure  III.  23. 

Azimuthal  equivalent  semi-beamwidth  with  square  cross-section,  section  III,  6, 
Vertical  angle  equivalent  semi-beamwidth,  section  HI,  6. 

The  value  of  Ar,  where  Ar  =  r^  +  -  rQ,  (HI,  27)  and  (HI,  29), 

A^  Hay  path  differences  between  a  direct  ray  and  a  ray  path  over  a  single  iso¬ 
lated  obstacle  with  ground  reflections,  (HI,  28)  figure  (HI.  V), 

3r#  A^  Ray  path  difference  between  stralf^t  and  ground  reflected  rays  on 
either  side  of  an  isolated  obstacle,  (III.  31),  (HI.  37)  , 

Ratio  of  the  dielectric  constant  of  the  earth's  surface  to  the  dielectric  constant 
of  air,  figures,  8,1  and  8.2,  annex  HI.  4, 

Angle  between  the  axis  of  the  main  beam  and  the  axis  of  the  first  side  lobe  ot 
an  antenna  pattern,  figure  HI,  22  , 

Azimuth  angles  of  the  first  and  second  lobes  of  a  transmitting  antenna  relative 
to  the  main  beam  axis,  figure  111,23*. 

Elevation  angleVqfHhe  first  and  second  lobes  of  a  transmitting  antenna  relative 
to  the  main  beam  axis*  figure  IU.23, 


The  angle  that  a  scattering  plane  makes  with  the  great  circle  plane,  (IU.60), 
(HI,  61),  and  figure  IH,  22. 

A  function  of  h  and  N  used  in  computing  K  .  and  H  ,  for  scattering  from 
antenna,  beams  directed  abtKo  th  horizon  or  fro u.  the  gjeut  circ  le  plane, 

(III.  6-1). 


Angle  of  elevation  of  the  h,vvr  half  ;>ov »  r  pulsu  of  ni.  'inb-nna  beam  above  the 
horizontal,  (III.  62).  .See  n}^  and 
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0^  ^ ,  0j  t  Values  of  0^  for  the  receiving  and  transmitting  antennas,  respectively,  (IU.  61)* 

0.  0.  .  Values  of  0,  for  the  i^  beam  intersection,  (III;  59)  • 

bk  1  bli  o 

0^  The  angle  between  radio  rays  elevated  above  the  ho  r  la  on  *nd/ or  away  from  the 

great  circle  plane,  (111*64), 

th  < 

0  .  The  angle  ,0  at  the^  i  intersection  of  radio  rays  elevated  above  the  horlson 

i.i  e 

•and/ or  away  from  the  great  circle  plane,  (HI*  57), 

(i  ,0  ,.;,0  Th- angle  0  for  the  first,  second,  *  * ,  n^  intersection  of  radio  rays, 

cl  vi  vtt  c 

figure  III.  22, 

o  ,  Angle  <.f  elevation  of  a  knife  edgs  rslative  to  the  horlaontal  st  ths  receiving  or 

transmitting  antenna,  (XU.  38). 

Angle  between  direct  and/or  reflected  ray  over  a  knife-edge,  where  j  *  1,  2,  3,  4 
rtH  shown  In  figure  111,9, 

0^  Angles  dufinud  In  (111.29),  where  j  =  1,  2,  3,4,  which  are  added  to  0  to  determine 

0.  «  0  4  0.  . 

J  Jr 

0.  .0,  ,  0  ,0,  Values  of  0  for  j  »  1,  2,  3,  4,(111.  29)  ♦ 

lr  «r  >r  *>r  jr 

0  ill,  0.,d  The  angle  between  rays  from  the  transmitting  and  receiving  ant  tnnas  over  an 
I  6  >)  *, 

Isolated  obstacle  with  ground  reflections,  figure  III,  9* 

i)  Surface  conductivity  In  mhos  per  meter,  figures  8, 1  and  8,2,  section  1U,4, 

{  The  amount  a  radio  ray  bends  in  the  atmosphere,  (111,62), 

r(d. ,  <1,  N  )  Bonding  of  a  radio  ray  that  takes  off  at  an  initial  angle  0,  and  travsla  d 
n  a  D 

kilometers  through  an  atmosphere  characterised  by  a  surface  refractlvity  N^, 

(III.  61). 

ij,(v,0)  Component  of  phase  lag  due  to  diffraction  over  an  idealised  knife  edge,  (7,  13) 

figure  7.  1,  and  (HI.  30)’. 

Component  ot  phase  lag  due  to  diffraction  over  an  isolated  perfectly-conducting 
rounded  obstacle,  (7.  13)  figure  7,  5  and  (111,  30). 

4«(U,  pi  1'he  <  omponent  of  the  phase  lag  of  the  diffracted  field  over  an  isolated  perfectly* 

conducting  rounded  obstacle  for  v  =  0,  (7,13)  figure  7.4  and  (III.  30), 

'X*  Tike  phase  lag  of  the  diffracted  field  for  the  J**1  ray  over  an  isolated  perfectly- 


*j(v,  p) 


♦i*  "'a'  V  * 


+rl*  +tl 

+r  *i 


conducting  rounded  obstacle  (1U,  30a),  where  j  =  1,  2,  3,  4  . 

The  phas«*  lag  of  the  diffracted  ray  over  an  isolated  rounded  obstacle  for  the 

ray,  *  (v.’p)  (III.  30) , 

M  J  J  ^ 

The  phase  lag  over  an  Ideal  knife  edge  for  the  j  ray,  (111.30), 

I  The  phase  lag  4>.(v,  p)  for  values  of  j  =  1,  2,  3,  4,  (III,  32). 

The  angle  between  the  plane  of  the  lower  half-power  point  of  an  antenna  beam 

and  the  receiver  or  transmitter  horizon  plane,  (III.  60). 

The  angle  ^  or  ^  for  the  lobe  of  an  antenna  pattern,  (111.59). 

Angle  of  reflection  at  the  ground  of  a  reflected  ray  that  passes  over  a  knife-  ’ 

edge,  (111,36)  figure  III. 9. 
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U  The  half-power  *be»mwidth,  U  *  26,  (9, 10)  end  figure  111,22* 

0  Half-power  feeamwldthe  corresponding  to  26q,  26^  for  the  receiving  end 

transmitting  antenna  patterns,  respectively,  figure  HI,  22. 
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Annex  IV 

,  FORWARD  SCATTER 

IV,  1  General  Discussion 

This  annex  discusses  some  of  the  similarities  and  differences  between  forward  scatter 
from  refractive  index  turbulence  and' forward  scatter  or  incoherent  reflections  from  tropo- 
spheric  layers. 

To  scatter  is  to  spread  at  random  over^a  surface  or  through  a. space  or  substance. 
Scattering  which  tends  to  be  coherent  is  more  properly  called  forward  scatter,  reflection, 
refraction,  ^focusing,  diffraction,  or  all  of  these,  depending  on  the  .circumstances.  Modes  oi 
scattering  as  well  as  mechanisms  of  propagation  bear  these  names;  For  example,  we  may 
speak  of  the  reflection,  refraction,  diffraction,  focusing,  scattering,  and  absorption  of  a  radio 
wave  by  a  single  spherical  hailstone,  and  all  of  these  modes  can  be  identified  in  the  formal 
solutions  of  Maxwell's  equations  for  this  problem. 

The  large  volume  of  beyond-the-horizon  radio  transmission  loss  data  available  in  the 
frequency  range  40  to  4000  MHz  and  corresponding  to  scattering  angles  between  one  and  tht;ee 
degrees  indicates  that  the  ratio  10"^^®  corresponding  to  the  transmission  loss,  A,  rela¬ 
tive  to  free  space  is  approximately  proportional  to  the  wavelength,  K,  or  inversely  propor¬ 
tional  to  the  radio  frequency,  f,  (Norton,  I960],  so  that  the  ratio  10**^^^  corresponding 

3  -3 

to  the  forward  scatter  basic  transmission  loss  is  approximately  proportional  to  \  or  to  f 
This  circumstance  is  more  readily  explained  in  terms  of  forward  scatter  from  layers  [Friis, 
Crawford,  and  Hogg,  1957}  or  in  terms  of  glancing  or  glinting  from  brilliant  points  on  ran¬ 
domly  disposed  "feuillets",  (duCastel,  Mismc,  Spizzichino,  and  Voge,  1962],  than  in  terms 
of  forward  scatter  from  the  type  of  turbulence  characterised  by  the  modern  Obukhov- 
Kolmogorov  theory*( Obukhov,  1941,  1953;  Batchelor,  1947,  1953],  There  is  recent  evidence 
l  Norton  and  Barrows,  1964]  that  the  wavenumber  spectrum  of  refractivity  turbulence  in  a 
vertical  direction  has  the  same  form  as  the  more  adequately  studied  spectrum  of  variations 
in  space  in  a  horizontal  direction.  Some  mechanism  other  than  scatter  from  refractivity 
turbulence  must  be  dominant  most  of  the  time  to  explain  the  observed  transmission  loss 
values  over  a  majority  of  the  transhorizon  tropospheric  paths  for  which  data, are  available. 
Scattering  from  refractivity  turbulence  and  scattering  from  sharp  gradients  are  mechanisms 
which  coexist  at  all  tlrhetf  in  any  large  scattering  volume.  Sharp  gradients  always  exist  some¬ 
where,  and  the  atmosphere  between  them  1%  tlwAyt  somewhat  turbulent.  Power  scattered 
by  these  mechanisms  is  occasionally  supplemented  by  diffraction,  specular  reflection  from 
strong  extended  layers,  and/or  ducting, 

A  troposphere  duct  exists,  either  ground-based  or  elevated,,  if  a  substantial  amount 
of  energy  is  focused  toward  or  defocused  away  from  a  receiver  as  super-refractive  gradients 
of  N  exceed  a  critical  value  called  a  "ducting  gradient."  This  gradient  is  about  -157  N-units 
per  kilometer  at  sea  level  for  horizontally  launched  radio  waves.  The  duct  thickness  must 
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exceed  about  $062  f  ^  meter*  with  f  in  MHz  [Kerr,  1964]  for  a  duct  to" completely  trap 
Huch  radio  waves*  A  few  useful  reference*  in  thi*  connection  are  cited  at  the*  end  of  section 
‘l $  Volume  1. 

A  more  or  lust  horizontally  homogeneous  "kink11  in  a  refractive  index  profile  may  in¬ 
dicate  the  possibility  of  ducting  lor  very  short  wavelengths,  the  presence  of  a  refracting 
layer  for  some  of  the  longer  waves,  and  merrily  a  slight  and  random  perturbation  of  average 
atmospheric  conditions  foi  other  frequencies,  antenna  locations,  or  antenna  beam  patterns 
and  elevation  angles*  The  layer  that  presents  a  sharp  discontinuity  for  radio  frequencies 
from  10  to  100  MHz  (X  =  10  to  3  meters)  may  represent  a  relatively  gradual  change  of  re¬ 
fractive  Index  at  300  MHz  (X  =  1  meter)  and  higher  frequencies.  A  tropospheric  layer  or 
"feulllet"  requires  a  sufficiently  abrupt  change  in  refractive  index,  usually  associated  with 
fine  weather  conditions,  to  reflect  a  substantial  amount  of  radio  energy  at  the  grazing  angles 
and  frequencies  of  interest.  These  may  be  horizontal  changes,  in  thermals,  for  instance, 
as  well  as  changes  of  refractivity,  N,  with  height. 

Almost  specular  reflection  from  tropospheric  layers  is  often  observed  between  30 
MHz  and  200  MHz,  At  higher  frequencies,  where  focusing,  defocusing,  and  ducting  are 
common,  and  where  extensive  layers  are  not  sufficiently  abrupt  or  sufficiently  numerous  to 
provide  strong  reflections,  a  number  of  small  and  randomly  oriented  surfaces  come  into 
play.  A  recent  summary  of  the  role  of  the  layer  structure  of  the  troposphere  in  explaining 
tropospheric  propagation  ( Saxton.  Lane,  Meadows,  and  Matthews,  1964]  includes  an  exten¬ 
sive  list  of  references.  Also  useful  are  general  discussions  of  tropospheric  propagation  by 
Bullington  (  1955),  duCaatel  [  1960],  Crawford,  Hogg,  and  Kummer  [  1959],  Fengler  [  1964], 
Fengler,  Jeske,  attd  Stilke  [  1964] ,  Kirby,  Rice,  and  Maloney  [  1961] ,  Johnson  [  1958],  Rice 
and  Herbstrf  \t  [  1964),  Shkarofsky  [  1958],  and  Vvedenskii  and  Arenherg  [  195.7] . 

There  are  at  least  three  distinguishing  features  in  most  theories  of  forward  scatter 
from  clouds,  precipitation,  refractive  index  turbulence,  layers,  or  feuillets.  A  calculation 
is  first  made  of  the  expected  or  average  forward  scattering  pattern,  reradiation  pattern,  or 
diffraction  pattern  of  a  scatterer  or  a  group  of  scatterers,  usually  located  in  free  space,  and 
usually  assuming  an  incident  plane  wave  and  a  distant  receiver.  Second,  a  decision  is  made 
that  the  relative  phases  of  waves  scattered  from  individual  raindrops  or  subvolumes  of  re- 
fr.ic  tivity  turbulence  or  feuillets  are  random,  so  that  we  may  simply  add  the  power  contri¬ 
butions  from  these  elements  and  ignore  the  phases.  This  is  an  essential  feature  of  a  random 
st  tiller  the-iiy,  And  third,  some  way  is  found  to  relate  the  actual  terrain,  atmosphere,  and 
antonna  parameters  to  the  theoretical  model  so  that  a  comparison  may  be  made  between  data 
and  theory. 

IV,  2  Models  for  Forward  Scattering 

The  mechanisms  of  scattering  from  refractivity  turbulence,  reflection  from  elevated 
layers,  and  ducting  are  much  more  sensitive  to  vertical  refractivity  gradients  than  to  the 
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horizontal  gradients  commonly  observed.  The  forward  scatter  theory  used  to  develop  th<» 
prediction  methods  ot  section  9  assumes  that  only  vortical  scales  of  turbulence  or  layoi* 
thicknesses  are  important.  The  radio  wave  scattered  forward  by  all  the  scattering  sub - 
volumes  visible  to  both  antennas  or  by  all  the  layers  of  feuillets  visible  to  both  antennas  is 
moat  affected  by  a  particular  range  of  ''eddy  sizes11,  i  ,  or  by  layers  of  an  average  thwU- 
nesH  til*  A  stack  of  eddies  of  size  t  must  satisfy  the  Bragg  condition  that  reradi,iti**i,  by 
adjacent  eddies  shall  add  in  phase.  Reflections  from  the  interior  and  interior  boumi.nn  * 
ol  a  layer  will  add  in  phase  if  the  ray  ti  aver  sing  the  interior  of  the  layer  in  an  odd  numbci 
of  wavelengths  longer  than  the  ray  reflected  from  the  exterior  boundary.  Either  the  mech¬ 
anism  of  forward  scatter  from  refractivity  turbulence  or  the  mechanism  of  reflection  from 
layers  or  feuillets  selects  a  wavenumber  direction  H  that  satisfies  the  specular  reflection 
condition  corresponding  to  So-lBs  law  that  angles  of  incidence  and  reflection,  ,  are  equal. 
Mathematically,  these  conditions  are  represented  by  the  following  relations; 


i  s  -« 


sin(0/2)  ~  0 


R  +ft 
o 


(IV.  1) 


where  R^  and  R  are  unit  vectors  from  the  centers  of  radiation  of  the  transmitting  and  re¬ 
ceiving  antenna,  respectively,  towards  an  elementary  scattering  volume,  or  towards  the 
point  of  geometrical  reflection  from  a  layer.  The  angle  between  R  and  Rq  is  the  scat¬ 
tering  angle  6  illustrated  in  figure  IV -1  and  is  thus  twice  the  grazing  angle  ^  for  reflec¬ 
tion  from  a  layer: 


.1 

0  b  2i|is  cos  (-R  •  Rq)  radians  . 


(IV.  1) 


The  plane  wave  Fresnel  reflection  coefficient  for  an  infinitely  extended  plain- 

boundary  between  homogeneous  media  with  refractive  indices  n  and  n  and  for  horizon- 

X  c 


tal  polarization  [Wait,  1962]  is 


sin 4*  -  2(1^  -  n2)  +  +  sin*+  ] 

limk  +  £  •  n^)  +  (^  -  +sin*i|;  j 


(IV.  3) 


The  following  approximation,  valid  for  {n^  -  <  sin*+<<  1  is  also  good  for  vertka* 

polarization: 


qo“ 


°2  “n 


2  ^ 


1  •*pf-(«2-a  ,*/(2*2,]  a  . 
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(IV.  4) 
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defined  us  proportional  to  the  difference  between  two  gradients  of  refractive  index,  m  and 

m  ,  win* re  m  i«  the  average  refractive  index  gradient  dn/dz  across  the  layer,  and  mQ 

in  tin*  average  refractive  index  gradient  for  the  region  in  which  the  layer  is  embedded.  Let 

tin*  lav  or  »  xtend  in  depth  from  ~  0  to  z  =  z  in  the  wavenumber  direction  k  defined  by 

o 

(IV.  1),  and  write  the  dift\  rcntial  reflection  coefficient  as 


do 


•lr. (in  *  m  )/(24*  )  • 
o 


(IV.  5) 


A  pita*  nr 
•  I  lor  a 


e\p  l  /X)]  is  aosociated  with  dq,  and  the  power  reilcction  coefficient 

tropospheric  layer  oi  thickness  is  approximated  as 


2 

<1 


z*  z 


f 

*  z«o 


dq  exp  (-i  z(4tr^/\)  ] 


2 

*  (4ir)2  X2  «]T6  M 


(IV.  6») 


[l  -  co«(4ir+*o/X)]/(4w)4«  (IV. 6b) 

It  M  assumed  continuous  at  ?,  a  0  and  z  «  z  ,  somewhat  smaller  values  of  and  m 

o 

will  result  [  Wait,  1962]. 

Friiii  Crawford,  and  Hogg  [  1957]  point  out  that  the  power  received  by  reflection 
trom  a  finite  layer  can  be  approximated  as  the  diffracted  power  through  an  absorbing  screen 
with  the  dimensioiiH  of  the  layer  projection  normal  to  the  direction  of  propagation.  They 
then  consider  layers  of  large,  small,  and  medium  size  compared  to 


2x  *  2{XRQR/d) 


Vi 
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d  &  R  +  R 
o 


(IV,  7) 


which  is  the  width  of  a  first  Fresnel  zone.  Let  b  represent  the  dimensions  of  a  layer  or 
feuillot  in  any  direction  perpendicular  to  k  .  Since  *  is  usually  nearly  vertical,  b  is 
usually  a  horizontal  dimension.  Adopting  u  notation  which  conforms  to  that  used  elsewhere 
in  this  report,  the  available  power  at  a  receiver  at  a  distance  d  from  a  transmitting 
antenna  radiating  watts  is 


w  = 
a 


4Vt8r 
(4n  d) 


.  2  2 
X  q 


[C2(u)+S2(u))  (C2(v)+S2(v)] 


(IV.  8) 


in  terms  of  Fresnel  integrals  given  by  (111.33),  where 

u  =  b*/T/x,  v  =  bi(i*/T/x 


(IV.  9) 
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and  g(  and  gf  are  antanni  directive  gains.  For  Urge  u  and  v, 

C2(u)  ■  S2(u)  *  C2(v)  «  S2(v)  «  */«  , 

and  for  small  u  and  v,  C2(u)  »  u2,  C2(v)  =  v2 ,  and  S2(u)  =  S2(v)  «  0 . 

i 

For  largo  layers,  where  b  >  >  Z  x  ; 

wa  "wt8tgrx4  **6d’2  M  *  (IV.  10a) 

For  intermediate  layers,  where  b  m  2  x  : 

'  wa«  wtgtgrK3>)i’4(RR0d)’lb2  M*  (IV.  10b) 

For  small  layers,  where  b  <  <  Zx  : 

,  wt,tgrX2>))’4(RRo)’2b4M.  (IV.  10«) 

Forward  scatter  from  layers  depends  on  the  statistics  of  sharp  refractive  index 

gradients  in  the  directions  k  defined  by  {IV.  1).  The  determination  of  these  statistics  from 

radio  and  meteorological  measurements  is  only  gradually  becoming  practical.  A  study  of 

2  * 

likely  statistical  averages  of  the  meteorological  parameters  M,  b  M,  and  b  M  indicates 
that  these  expected  values  should  depend  only  slightly  on  the  wavelength  X  and  the  grating 
angle  4**  as  was  assumed  by  Friit,  et  ai.[  1 9 57) .  The  expected  value  of 

(  1  -  cos  (4w  4*  «q/  X)  J 

can  vary  only  between  0  and  2  and  is  not  likely  to  be  either  0  or  2  for  any  reasonable 
assumptions  about  the  statistics  of  tQ. 

Available  long-term  median  radio  transmission  loss  data  usually  show  the  frequency 
law  given  by  (IV.  10b)  for  mediqm-size  layers.  Long-term  cumulative  distributions  of  short¬ 
term  available  power  ratios  on  spaced  frequencies  rarely  show  a  wavelength  law  outside  the 
2  4 

range  fr<^m  X  to  X  [Crawford,  Hogg,  and  Hummer,  1959;  Norton  I960] .  An  un¬ 
reported  analysis  of  8978  hours  of  matched  simultaneous  recordings  at  159.  5,  599,  and 
3120  MHz  over  a  3 10 -km  path  in  Japan  shows  that  this  wavelength  exponent  for  transmission 
loss  w  /w  i*  within  the  range  from  2  to  4  ninety-eight  percent  of  the  time.  This  cor¬ 
responds  to  a  wavelength  exponent  range  from  0  to  2  or  a  frequency  exponent  range  from 

2  4 

0  to  -2  for  attenuation  relative  to  free  space  values,  and  to  corresponding  ranges  X  to  X 
-2  -4 

or  £  to  f  for  values  of  basic  transmission  loss,  L,  . 
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Figures  IV*  1(a)  and  IV.  1(b)  illustrate  forward  scattering  from  a  single  small  layer 
and  from  refractivity  turbulence  in  a  single  small  scattering  a ubvolumt  of  the  volume  V  of 
space  visible  to  two  antennas.  Figures  IV.  1(c)  and  IV.  1(d)  illustrate  models  for  the  addition 
of  power  contributions  from  large  parallel  layers*  and  from  scattering  or  reflection  sub¬ 
volumes*  respectively.  Contributions  from  diffraction  or  ducting  are  ignored*  as  well  as 
returns  from  well-developed  layers  for  which  a  geometrical  reflection  point  is  not  visible  to 
both  antennas.  Combinations  of  these  mechanisms*  though  sometimes  important*  are  also 


not  considered  here. 


For  each  of  the  cases  shown  in  figure  IV,  1*  coherently  scattered  or  reflected  power 
w^  from  the  neighborhood  of  a  point  R^  is  conveniently  associated  with  a  scattering  sub¬ 
volume  d^RQ  *  dv  «  ^(R^)*  so  that  the  total  available  forward  scattered  power  at  a  receiver 
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is  the  available  power  per  unit  scattering  volume  for  the  i  scattering  subvolume*  feuillet. 
or  layer*  and  it  is  assumed  that  only  such  contributions  to  w^  are  important. 

Each  of  the  power  contributions  is  governed  by  the  bistatic  radar  equation.  Omit¬ 
ting  the  subscript  i,  this  equation  may  be  written  as 


v  (~r)  (-3)  fe)  — 


(IV.  13) 


where  a#  is  the  effective  scattering  cross-section  of  a  single  scatterer  or  group  of 
scatter ers*  including  the  polarisation  efficiency  c^  of  the  power  transfer  from  transmitter 
to  receiver.  The  first  set  of  parentheses  in  (IV.  13)  represents  the  field  strength  in  watts 
per  square  kilometer  at  the  point  R^,  the  second  factor  enclosed  in  parentheses  shows  what 
fraction  of  this  field  strength  is  available  at  the  receiver,  and  X^g^/(4w)  is  the  absorbing 
area  of  the  receiving  antenna. 

The  key  to  an  understanding  of  scattering  from  spacecraft*  aircraft*  rain*  hail*  sncw* 
refractivfty  turbulence,  or  inhomogeneities  such  as  layers  or  feuillets  Is  the  scattering  cjohs- 
sectlon  a^  c^  defined  by  (IV,  13)  or  the  corresponding  scattering  cross-section  per  unit 
volume  *  defined  from  (IV,  12)  and  (IV.  13)  as 


IV-6 
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ThU  quantity  U  usually  aattmatsd  by  Isolating  a  small  volume  of  acatterers  in  free 
space  at  large  vector  distances  Rq  and  R,  respectively,  from  the  transmitter  and  receiver, 

U  both  antennas  are  at  the  same  place,  (IV.  13)  becomes  the  monosUtlc  radar  equation,  cor.- 
responding  to  backecatter  instead  of  to  forward  scatter. 

The  scattering  cross-sections  per  unit  volume  for  large,  medium,  and  small  layers, 
assuming  a  density  of  Nf  layers  per  unit  volume,  may  be  obtained  by  substituting  (IV .  10a)  to 
(IV.  10c)  in  (IV.  14): 

Tor  Urge  layers,  whera  b  >>  lx : 

,  ayl  -  x4  <|f 6  M  Nj  .X*  *’6  (R0R/d)*  M  N4  •  (IV.  15) 

For  intermediate  layers,  where  bM  2  x  s 

ayj  e  x*  <|f*  b2  M  Nj  ■  X  ^*4(RoR/d)  b2  M  N4  •  (IV.  lb) 

For  small  layers,  whsrs  b  <  <  lx  i 

ay>  »  +’4  b2  M  N4  •  X°  +'4  b2  M  N4  •  (IV.  17) 

The  modern  Obukhov  •Kolmogorov  theory  of  homogeneous  turbulence  in  a  horUontsl 
directions  when  extended  to  apply  to  the  wavenumber  spectrum  of  instantaneous  variations 
of  refractive  index  in  a  vertical  direction,  predicts  a  or  f^  law  for  the  variation  with 

wavelength  \  or  carrier  frequency  f  of  either  a  or  attenuation  relative  to  free  space,  or 

5/3  .5/3  V  ^ 

a  \  or  f  law  for  variations  of  the  transmission  loss  w^/w^,  Theoretical  studies  6f 

multiple  scattering  by  Beckmann  [  1961a],  Bugnolo  [  1958],  Vysokovskli  (  1957,  1958],  and  other 
suggest  that  single  scattering  adequately  explains  observed  phenomena.  Descriptions  of  at¬ 
mospheric  turbulence  are  given  by  Batchelor  (  1947,  1953],  de  Jager  [  1952],  Heisenberg 
(  1948],  Kolmogoroff  [  1941],  Merkulov  (  1957],  Norton  ( I960],  Obukhov  (  1941,  1953],  Rice 
and  Herbstreit  (  1964],  Sutton  (  1955],  Taylor  (  1922],  and  Wheelon  {  1907,  1959]. 

The  observed  wavelength  exponent  for  the  Japanese  transmission  loss  data  previously 
noted  was  below  5/3  less  than  two  tenths  of  pne  percent  of  the  time,  and  an  examination  of 
other  data  also  leads  to  the  conclusion  tfc?t  forward  scatter  from  Obukhov-Kolmogorov  turbu¬ 
lence  can  rarely  explain  what  is  observed  with  frequencies  from  40  to  4000  MHz  and  scat-  > 
tering  angles  from  one  to  three  degrees. 
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Early  recognition  of  this  fact  by  Norton*  Rice*  and  Vogler  ( 1955 ]  led  to  the  proposal 
of  a  mathematical  form  for  the  vertical  wavenumber  epectrum  which  would  achieve  agreement 
between  radio  data  and  the  theory  of  forward  scatter  from  refractivlty  turbulence  [Norton* 
1960  ] .  Radio  data  were  used  to  determine  the  following  empirical  form  for  ay*  upon  which 
the  predictions  of  section  9  are  based: 

av«Vt|T5M  (IV.  18) 


where 


M  ■  3  <(Aa)2>/(32  I2) 


(IV.  19) 


An  s  n  -  <  An  > 


(IV.  20) 


is  the  deviation  of  refractive  index  from  its  expected  value  <An>*  and  is  a  "scale  of 
turbulence"  (Rice  and  Herbs treit*  1964  ]. 

Values  of  the  variance  <(An)*  >  of  refractivlty  fluctuations  and  scales  of  turbulence 
obtained  from  meteorological  data  lead  to  good  agreement  between  (IV.  18)  and  radio 
data  when  an  exponential  dependence  of  M  on  height  is  assumed*  substituting  the  cor  re  • 
spending  value  of  w^  in  (IV.  11).  It  is  not  yet  clear  how  the  estimates  of  m*  mo*  sq)  b* 
and  Nj  required  by  the  theory  of  forward  scatter  from  layers  of  a  given  type  can  be 
obtained  from  direct  meteorological  measurements,  nor  how  these  parameters  will  vary 
throughout  the  large  volume  of  space  visible  to  both  antennas  over  a  long  scatter  path.  It 
does  seem  clear  that  this  needs  to  be  done. 

Data  from  elevated  narrow-beam  antennas  that  avoid  poms  of  the  complex  phenomena 
due  to  reflection  and  diffraction  by  terrain,  and  which  select  small  scattering  volumes,  sug¬ 
gest  that  for  scattering  angles  exceeding  ten  degrees,  reflections  from  large  layers  can 
hardly  be  dominant  over  reflection  from  intermediate  and  small  layers  or  from  refractivlty 
turbulence.  Preliminary  results  indicate  that  field  strengths  decrease  more  slowly  at  a 
fixed  distance  and  with  scattering  angles  0  increasing  up  to  fifteen  degrees  than  wouldtbe  pos¬ 
sible  with  the  O’6  dependence  of  ay  given  by  (IV.  15)  added  to  a  probable  exponential  decay 
with  height  of  the  expected  value  of  the  meteorological  parameter  MN^  for  large  layers. 

The  wavelength  and  angle  dependence  of  forward  scatter  characterised  by  the  Obukhov- 
Kolmogorov  turbulence  theory  is  nearly  the  lime  as  that  for  small  layers,  given  by  (IV.  17). 
for  scattering  from  refractivity  turbulence: 


a 


vo 


•1/3 


(IV.  21) 


M 


o 


r(U/6)  <  (An)2>  ' 
4(2«)li/l3  T(l/3)  io2^3  * 


(IV.  22) 
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Although  most  of  the  propagation  paths  which  have  been  studied  rarely  show  this  frequency 
dependence,  some  occasionally  do  agree  with  (IV.  21).  In  general,  the  radiowave  scattering 
cross-section  per  unit  volume  ay  is  a  weighted  average  of  scattering  from  all  kinds  of 
layers  or  feuillets  and  the  turbulence  between  them. 

Summarising  the  argument: 


V*vo+\,  +\l+4V.-M’  M 


(IV.  H) 


vi? 


-4  *2 

for  10  <  X  <  10  km,  0.01  <  <  0.03  radians,  where  M  has  been  determined  from 

radio  data,  subject  to  the  assumption  that  M  decreases  exponentially  with  height  above  the 
earth's  surface.  Equation  (IV. 23)  is  intended  to  indicate  the  present  state  of  the  twin  arts  of^ 
formulating  theories  of  tropospheric  forward  scatter  and  comparing  these  theories  with  avail¬ 
able  long-term  median  transmission  loss  data.  A  great  deal  of  available  data  is  not  forward 
scatter  data,  and  it  is  for  this  reason  that  estimates  of  long-term  variability  as  given  in 
section  10  and  annex  111  are  almost' entirely  empirical. 

Also,  for  this  reason,  estimates  of  L  as  given  in  section  9  are  restricted  to  long¬ 

term  median  forward  scatter,  transmission  loss.  Available  measurements  of  differences  in 
path  antenna  g*in  »U* **  within  the  limits  of  experimental  error  with  the  values  predicted  by 
the  method  of  section  9  whenover  the  dominant  propagation  mechanism  is  forward  scatter. 
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IV.  3  List  of  Special  Symbol®  Used  in  Anntx  IV 
a#  Radlowav*  scattering  cross  ••action  of  a  single  scattarar  or  group  of  acaUerers, 

(IV.  13). 

a^  Radiowave  scattering  cross-section  par  unit  volume*  (IV.  14). 

a  Radiowave  scattering  cross-section  from  refractivity  turbulence*  (IV.  21). 

a  <a  Radiowave  scattering  cross-sections  per  unit  volume  for  large*  medium,  and 
VI  vs  vg  r 

small  layers*  (IV.  15)  to  (IV.  17). 

b  The  dimensions  of  an  atmospheric  layer*  or  feulllet  in  any  direction  perpendicu** 

lar  to  i *  (IV, 9). 

c  Polarisation  efficiency  of  the  power  transfer  from  transmitter  to  receiver, 

(IV,  13). 

C(u)*  C(v)  Fresnel  cosine  Integrals*  (IV. 8). 

f  A  range  of  eddy  sites  or  layers;  the  radio  wave  scattered  forward  U  most  af¬ 

fected  by  a  particular  range  of  Meddy  sises, "  f  *  or  by  layers  of  an  average 
thickness  I U  *  that  are  visible  to  both  antennas*  (IV,  1), 

i  Scale  of  turbulence*  (IV,  19). 

o 

m  Average  refractive  index  gradient*  dn/da*  across  a  layer*  (IV,  5). 

Average  refractive  index  gradient  for  the  region  in  which  a  layer  is  Imbedded, 
(IV.  5). 

M  A  term  defined  by  (IV. 6)  used  in  the  power  reflection  coefficient  q*  * 

A  term  defined  by  (IV. Z^)  used  in  defining  a^,  the  scattering  cross-section 
from  refractivity  turbulence. 

n.,  n  Refractive  indices  of  adjacent  layers  of  homogeneous  media,  (IV.  3). 

1  6 

Nj  The  number  of  layers  per  unit  volume  of  a  scattering  cross-section*  (IV.  15) 

to  (IV.  17). 

Nv  The  number  of  scattering  subvolumes  that  make  an  appreciable  contribution 

to  the  total  available  power.  (IV.  11). 

I 

q  The  power  reflection  coefficient,  q  ,  for  a  tropospheric  layer  is  approxi-  * 

mated  by  (IV.  6). 

qQ  The  plane  wave  Fresnel  reflection  coefficient  for  an  infinitely  extended  plan* 

boundary,  (IV. 3), 

It*  Vector  distances  from  transmitter  snd  receiver,  respectively*  to  a  point  R^ 

R,  R^  Unit  vectors  from  the  centers  of  rgdlatlon  of  the  receiving  and  transmitting 

'  antennas,  respectively,  (IV.  1). 

R^  A  point  from  which  power  is  coherently  scattered  or  reflected,  (IV,  11),  ‘ 

S(u),  S(v)  Fresnel  sine  integrals,  (IV. 8). 
u  A  parameter  defined  by  (IV. 9). 

v  A  parameter  defined  by  (IV.  9). 

Vj  The  i**1  scattering  subvolume,  (IV.  11), 
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w  Available  power  per  unit  scattering  volume!  (IV.  11). 

^  th  * 

w^  Available  power  per  unit  scattering  volume  for  the  1  scattering  subvolume# 

(IV.  12) 

x  Half  the  width  of  a  first  Fresnel  sons#  (IV.  7). 

t  Thickness  of  a  tropospheric  layer#  (IV.  6). 

*o  The  thickness  of  a  tropospheric  layer#  (IV. 6). 

An  The  deviation  of ‘refractive  Index  from  Its  expected  value#  (IV.  20). 

<An>  The  expected  value  of  refractive  index#  (IV.  20). 

2 

<(An)  >  The  variance  of  fluctuations  In  refractive  index#  (IV#  19). 

A  wave  number  direction  defined  by  (IV.  1). 

The  graslng  angle  for  reflection  from  a  layer#  (IV# 2). 
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Annex  V 

PHASE  INTERFERENCE  FADING  AND  SERVICE  PROIABIUTY 

Ah  a  general  rule,  adequate  service  over  a  radio  path  requires  protection  against  noise 
when  propagation  conditions  are  poor,  and  requires  protection  against  interference  from 
euehaiuud  or  adjacent  channel  signals  when  propagation  conditions  are  good,  Optimum  use  t 
of  this  radio  spectrum  requires  systems  so  designed  that  the  reception  of  wanted  signals  is 
protected  to  the  greatest  degree  practicable  from  interference  by  unwanted  radio  signals  «md 
by  noise  t 

The  shormorm  fading  of  the  instantaneous  received  power  within  periods  of  time 
iv-i.ging  from  a  U  w  minutes  up  to  one  hour  or  more  is  largely  associated  with  random  fluctu- 
,11  ions  in  the  relative  phasing  between  component  waves.  Those  waves  arrive  at  the  receiving 
antenna  aften  propagation  via  a  multiplicity  of  propagation  paths  having  electrical  lengths  that 
vary  from  second  to  second  and  from  minute  to  minute  over  a  range  ot  a  few  wavelcntha,  A 
small  part  of  this  short-term  fading  and  usually  alt  of  the  long-term  variations  arise  from 
minute -to -minute  changes  in  the  root-sum-square  value  of  the  amplitudes  of  the  component 
waves,  i.e. ,  in  short-term  changes  in  the  mean  power  available  from  the  receiving  antenna*. 
In  the  analysis  of  short-term  fading,  it  is  convenient  to  consider  the  effects  of  these  phase 
and  root -sum- square  amplitude  changes  as  being  two  separate  components  of  the  instantaneous 
fading.  Multipath  or  "phina  interference  fading**  among  simultaneously  occurring  modes 
of  propagation  uimally  determines  the  statistical  character  of  short-term  variability. 

Over  most  transhorUon  paths,  long-term  variability  is  dominated  by  “power  fading", 

i 

due  to  slow  changes  in  average  atmospheric  refraction,  in  the  intensity  of  refractive  index 
turbulence,  or  in  the  degree  of  atmospheric  stratification.  The  distinction  between  phase 
interference  fading  and  power  fading  is  somewhat  arbitrary,  but  is  nevertheless  extremely  i 
useful.  Economic  considerations,  as  contrasted  to  the  requirements  for  spectrum  conserva¬ 
tion,  indicate  that  radio  receiving  systems  should  be  designed  so  that  the  minimum  practicable 
transmitter  power  is  requirsd  for  satisfactory  reception  of  wanted  signals  in  the  presence 
of  noise.  Fading  expected  within  an  hour  or  other  convenient  "short"  period  of  time  is 
allowed  for  by  comparing  the  median  wanted  signal  power  available  at  the  receiver  with 

the  median  wanted  siga\l  power  w  which  is  required  for  satisfactory  reception  in  the 

mr 

presence  of  noise.  This  operating  sensitivity  w  assumes  a  specified  type  of  fading 
signal  and  a  specified  type  of  noise,  but  does  not  allow  for  other  unwanted  signals. 

In  the  presence  of  a  specified  unwanted  signal,  but  in  the  absence  of  other  unwanted  i 
signals  or  appreciable  noise,  the  fidelity  of  information  delivered  to  a  receiver  output  will 
increase  as  the  ratio  of  wanted-to-unwanted  signal  power  increases.  The  degree  of 
fidelity  of  the  received  information  may  be  measured  in  various  ways.  For  example,  voice 
signals  are  often  measured  in  terms  of  their  intelligibility,  television  pictures  by  subjective 
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observation,  and  teletype  signal*  by  the  percentage  of  correctly  interpret*!  received  charac¬ 
ters.  A  specified  grade  of  service  provided  by  a  given  wanted  signal  will  guarantees 
corresponding  degree  of  fidelity  of  the  information  delivered  to  the  receiver  output.  For 
example,  a  Grade  A  teletype  service  could  be  defined  as  one  providing  99.99  percent  , 
error -free  characters,  while  a  Grade  B  service  could  be  defined  as  one  providing  99>9  per¬ 
cent  error-free  characters. 

The  protection  ratio  r^y  required  for  a  given  grad*  of  service  will  depend  upon  the 
v  nature  of  the  wanted  and  .unwanted  signals;  i.e. ,  their  degree  of  modulation,  their  location 

in  the  spectrum  relative'to  the  principal  and  spurious  response  bands  of  the  receiving  system, 
and  their  phase  interference  fading  characteristics.  The  use  of  receiving  systems  having 
the  smallest  values  of  r^r  for  the  kinds  of  unwanted  signals  likely  to  be  encountered  will 
permit  the  same  portions  of  the  spectrum  to  be  used  simultaneously  by  the  maximum  number 
of  users.  For  instance,  FM  with  feedback  achieves  a  reduction  in  r^  for  *  cochannel 
unwanted  signal  by  occupying  a  larger  portion  of  the  spectrum.  But  optimum  use  of  the  spec¬ 
trum  requires  a  careful  balance  between  reductions  in  r^  on  the  same  channel  and  on 
adjacent  channels,  taking  account  of  other  system  isolation  factors  such  as  separation  between 
channels,  geographical  separation,  antenna  directivity,  and  cross -polarisation. 

(Note  that  the  operating  sensitivity  w^r  is  a  measure  of  the  required  magnitude  of 

the  median  wanted  signal  power  but  r  involves  only  the  ratio  of  wanted  to  unwanted  signal 
powers.  For  optimum  use  of  the  spectrum  by  the  maximum  number  of  simultaneous  users, 
the  transmitting  and  receiving  systems  of  the  individual  links  should  be  designed  with  the 
primary  objective  of  ensuring  that  tho  various  values  of  exceed  r^y  for  a  large  per¬ 
centage  of  the  time  during  the  intended  periods  of  operation.  Then  sufficiently  high  trans¬ 
mitter  powers  should  be  used  so  that  the  median  wanted  signal  power  w  ^  exceeds 
for  a  large  percentage  of  the  time  during  the  intended  period  of  reception  at  each  receiving 
location.  This  approach  to  frequency  assignment  problems  will  be  unrealistic  in  a  few  cases, 
such  as  the  cleared  channels  required  for  radio  astronomy,  but  these  rare  exceptions  merely 
terve  to  teat  the  otherwise  general  rule  (Norton,  1950,  1962  and  Norton  and  Fine  1949]  that 
optimum  use  of  the  epectrum  can  be  achieved  only  when  interference  from  other  aignala  rather 
than  from  noiee  providea  the  ineluctable  limit  to  eatiafactory  reception. 

This  annex  discusses  the  requirements  for  service  of  a  given  grade  g,  how  to  esti¬ 
mate  the  expected  time  availability  q  of  acceptable  service,  and,  finally,  how  to  calculate 
r~  the  service  probability  Q  for  a  given  time  availability. 
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V,  1  Two  CempenanSa  ol  Fad* Of  - 

Both  tho  wont  id  ond  thi  unwoattd  signal  power  available  to  o  receiving  system  will 

uiuolly  vnry  from  minutt  to  minutt  in  o  random  or  unpredictable  fashion*  It  is  convenient  to 

divido  the<  “instantaneous  rtciivid  signal  power*1  *  10  log  into  two  or  throe  additive 

components  where  w  is  defined  as  the  average  power  for  a  single  cycle  of  the  radio  frequency, 
*  > 
so  as  to  eliminate  the  variance  of  power  associated  with  the  time  facto?*  ces  (uth 
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t  W.»w_  +  Y.  »W  (0. 5)  ♦  Y  ♦  Y  4bw  (V.l) 

■  m  w  m  “ 

W  is  that  component  of  W  which  is  not  affected  by  the  usually  rapid  phase  interference  fading 
m  e 

and  is  most  often  identified  as  the  short-term  median  of  the  available  power  W  at  the  receiving 

IT 

antenna.  W  (0.  5)  is  the  median  of  all  such  values  of  W  ,  and  is  most  often  identified  as  the 
m  m 

long-term  median  of  W  .  In  terms  of  the  long-term  median  transmission  loss  L  (0.  5)  and  the 
■v  w  m 

total  powo'r  Wt  radlattd  from  tha  transmitting  ant.nna; 

W  (0. 5)  »  W  -  L  (0.51  dlw  (V.2) 

m  v  m 

The  characteristics  of  long-term  fading  and  phase  interference  fading,  respectively,  are  de* 

ecribed  in  terme  of  the  two  fading  componente  Y  and  Y  in  (V.  1); 

w 

Y*  Wm-Wm<°’5)*  Y.*W*‘Wm  (V.J) 

mm  w  it  m 

The  long  term  for  which  the  median  power,  W  (0.  $),  is  defined  may  be  as  short  as 

m 

one  hour  or  at  long  as  several  yeare  but  will,  in  general,  consist  of  the  hours  within  a  speci¬ 
fied  period  of  time*  For  most  continuously  operating  ssrvices  it  is  convenient  to  consider 

W  (0, 5)  as  the  medien  power  over  a  long  period  of  time,  including  all  hours  of  the  day  and 
m 

all  seasons  of  the  year.  Observations  of  long-term  variability,  summarised  in  section  10 

and  in  annex  III,  show  that  W  Is  a  vary  nearly  normally  distributed  random  variable 

m 

characterised  by  a  standard  deviation  that  may  range  from  one  decibt)  within  an  hour  up 
to  ten  decibels  for  periods  of  the  order  of  several  years*  These  values  of  standard  deviation 
are  representative  only  of  typieal  bey  ond -the -horizon  propagation  paths  and  vary  widely  fot 
other  propagation  conditions. 

For  periods  as  short  as  an  hour,  the  variance  of  Y^  is  generally  greater  than  the 

variance  of  W  The  long-term  variability  of  W  is  identified  in  eection  .10  with  the 
m  m 

variability  of  hourly  medians,  expressed  in  terms  of  Y  (q): 

i  i 

Y(q)  •  W  (q)  -  W  (0.  5)  *  L  (0.  5)  •  L  <q)  (V.4) 

mm  m  m 

where  W^(q)  *•  the  hourly  median  signal  power  exceeded  for  a  fraction  q  of  all  hours,  and 
(q)  is  the  corresponding  transmission  loss  not  exceeded  for  a  fraction  q  of  all  hours. 
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For  studies  of  the  operating  sensitivity  w  ♦ 

rapidly  fading  wanted  signal)  and  for  studies  of  thJ^Sfed^  1 

x 

ratio  Ru{t(g)  required  for  a  grade  g  t+rvice„  it  is  b+laful  t^t^pi^l  ^yrt^c^ar.^at* 
istical  model  which  may  be  used  to  describe  phase  interference  fading.  Minoru  Nakagami’ 

[  1940]  describes  a  model  which  depends  upon  X\t 'tttflttth  pM^4httoufc *tig«*l  *nd  V Rayleigh 

t  '  . 

distributed  random  signal  ( Rayleigh  18B0;  Rice,  1945;  N  art  oil  Vogler,  Mansfield  and  Short, 

Wz  +  *«,*•  e  t*'  **  •  •*/»  # 

1955;  Beckmann,  1961a,  1964).  In  this  model,  the  rooUaum-square  vilue  of  the  amplitudes 
of  the  Rayleigh  components  is  K  decibels  relative  to  the  Cendant  ’etfmponent, 

K  *  +*  corresponds  to  a  constant  received  signal.  For  a  Rayleigh  distribution,  K  * 
and  the  probability  q  that  the  instantaneous  power,  w  ,  will  exceed  w  (q)  for  a"  given  value 

IT  IT 

of  the  short**term  median  power,  w  #  may  be  expressed;  *. 


w  (q)  log  l  , 

ql  w  >  w  (q)  I  w  j  »  exp  l  -  ]  .  IK  =  .*] 


(V .  6s) 


m 


m 


Alternatively,  the  above  may  be  expressed  in  the  following  forms: 

*l*.>  =  «»*pt  -  yw(q)  iog^2]  ,  (k=  -«] 

V. M  -  5.21390  +  10  log  (log (1/q) }  ,  [K  =  -  ®] 


•4'  * 


(V.  6b) 


(▼.6c) 


Figure!  V.  1-V,  3  »nd  table  V.  1  ihow  how  the  Nsksgsml-Rlce  phase  Interference  fading 

distribution  Y  (q)  depends  on  q,  K,  and  the  average  7  and  standard  deviate  “  of.  Y  . 

w  v  Y  w 

It  Is  evident  from  figure  V.  1  that  the  distribution  of  phase  Interference  fading  ^depend,  only  on 

K  .  The  utility  of  this  distribution  for  describing  phase  interference  fading  In  Ionospheric  props- 
gatlon  Is  discussed  In  CC1R  report  (  1963k]  and  for  tropospheric  propagation  Is  demonstrated  in 
papers  by  Norton,  Rice  and  Vogler  [  1955],  Janes  and  Wells  (  1955],  and  Norton,  Rice,  Janes 
and  Barsls  [  1955],  Bremmer  [  1959]  and  Beckmann  [  1961a]  discuss  a  somewhat  more  general 
fading  model. 

\  * 

For  within-the -horizon  tropospheric  paths,  including  either  short  point-to-point  ter- 

*1  *  ,  , 

rcstrial  p^ths  or  paths  from  an  earth  station  to  a  satellite,-  K *  jvill  tend  to  have  a  large 

'positive  ^alue  throughout  the  day  for  all  leasons  of  the  ya*r,  ^  the  l^n^th  oj  the^te^estfial 

propagation  path  is  increased, or  the  elevation  angle  of  a  satellite  is  decreased, so  that  the 

path  has  less  than  first  Fresnel  zone  clearance,  the  expected  Vklues  of  will  decrease 

until,  for  some  hours  of  the  day,  K  will  be  less  than  aero  and  the  phase  interference  , 

*,  ,  4* 

fading  for  signals  propagated  over  the  path  at  these  times  will  tend  to  be  closely  represented 
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by  a  Rayleigh  distribution*  For  most  beyond*  the -horizon  paths  K  will  be  less  than  zero 
most  of  tlfc  time;  For, Knife -edge  diffraction  paths  K  is  often  much  greater  than  zero,  When 
*igna)s  arrive  at  the  receiving  antenna  via  dur‘s  or  elevated  layers,  the  values  of  K  may 
,  *  o  values  much  greater  than  zero  even  for  transhorizon  propagation  paths,  For  a 
given  bcyond-the-horizon  path*  K  will  tend  to  be  positively  correlated  with  the  median 
power  level  W^;  i,e.,  Urge  values  of  K  are  expected  with  large  values  of  W  ,  For 
eomu  within -the-horizon  paths,  K  and  tend  to  be  negatively  correlated. 

It  is  assumed  that  a  particular  value  of  K  may  be  associated  with  any  time  availability 
q,  however,  few  data  analyses  of  this  kind  are  presently  available,  A  program  of  data 
analysis  is  clearly  desirable  to  provide  empirical  estimates  of  K  versus  q  for  particular 
climates,  seasons,  times  of  day,  lengths  of  recording,  frequencies,  and  propagation  path 
characteristics.  It  should  be  noted  that  K  versus  q  expresses  an  assumed  functional 
relationship. 

An  analysis  of  data  for  a  single  day's  recording  at  1046  MHz  over  a  364-kilometer 

path  is  presented  here  to  illustrate  how  a  relationship  between  K  and  q  may  be  established. 

Figure  V.4  shows  for  a  single  day  the  observed  interdecile  range  Wff(0. 1)  -  W^(0,9) 

Lff(0.9)  -  Ln(0.1)  for  each  five-minute  period  plotted  against  the  median  transmission  loss 

L  for  the  five-minute  period.  Figure  V.l  associates  a  value  of  K  with  each  value  of 
m 

1^(0. 9)  -  1^(0. 1),  and  the  cumulative  distribution  of  associates  a  time  availability  q 

with  each  value  of  L  .  In  figure  V.4,  K  appears  to  increase  with  increasing  L>  for 

the  hours  0000  -  1700,  although  the  usual  tendency  over  long  periods  is  for  K  to  decrease 

with  The  straight  line  in  the  figure  is  drawn  through  medians  for  the  periods 

0000  -  1700  and  1700-2400  hours,  with  linear  scales  for  K  and  L  ,  as  shown  by  the 

/  *n 

inset  for  figure  V.4.  The  corresponding  curve  of  K  versus  q  is  compared  with  the  data 
in  the  main  figure. 

Figure  V .  5  show*  for  f  =  2  GHz  and  30-meter  antenna  heights  over  a  smooth  earth 
a  possible  estimate  of  K  versus  distance  and  time  availability.  These  crude  and  quite 
speculative  estimates  are  given  here  only  to  provide  the  example  in  the  lower  part  of 
figure  V,  5  which  shows  how  such  information  with  (V.6)  may  be  used  to  obtain  curves  of 
L  (q)  versus  q  .  The  solid  curves  in  the  lower  part  of  figure  V.  5  show  how  (q) 
varies  with  distance  for  q  =  0,0001,  0,01,  0,5,  0,99  and  0 , 9999 ,  where  is  the 
transmission  loss  associated  with  the  instantaneous  power,  Wff 
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by  a  Rayleigh  distribution.  For  moat  beyond-the -horizon  path*  K  will  be  let*  than  aero 

most  of  the  time.  For  knife-edge  diffraction  paths  K  is  often  much  greater  than  aero.  When 

signa's  arrive  at  the  receiving  antenna  via  dyr*g  or  elevated  layers,  the  values  of  K  may 

o  values  much  greater  than  aero  even  for  transhoriaon  propagation  paths.  For  a 

given  beyond-the -horizon  path,  K  will  tend  to  be  positively  correlated  with  the  median 

power  level  W  ;  i.e.,  large  values  of  K  are  expected  with  large  values  of  W  .  For 
m  m 

some  within -the-horizon  paths,  K  and  tend  to  be  negatively  correlated. 

It  is  assumed  that  a  particular  value  of  K  may  be  associated  with  any  time  availability 
q,  however,  few  data  analyses  of  this  kind  are  presently  available.  A  program  of  data 
analysis  is  clearly  desirable  to  provide  empirical  estimates  of  K  versus  q  for  particular 
climates,  seasons,  times  of  day,  lengths  of  recording,  frequencies,  and  propagation  path 
characteristics.  It  should  be  noted  that  K  versus  q  expresses  an  assumed  functional 
relationship. 

An  analysis  of  data  for  a  single  day's  recording  at  1046  MHz  over  a  364-kilometer 

path  is  presented  here  to  illustrate  how  a  relationship  between  K  and  q  may  be  established. 

Figure  V.4  shows  for  a  single  day  the  observed  interdecile  range  W^(0.  1)  -  W^(0.9) 

1^(0. 9)  -  LtT(0. 1)  for  each  five -minute  period  plotted  against  the  median  transmission  loss 

L  for  the  five-minute  period.  Figure  V.  1  associates  a  value  of  K  with  each  value  of 
m 

1^(0. 9)  -  1^(0. 1),  and  the  cumulative  distribution  of  associates  a  time  availability  q 

with  each  value  of  L  .  In  figure  V.4,  K  appears  to  increase  with  increasing  L  for 
m  m 

the  hours  0000  -  1700,  although  the  usual  tendency  over  long  periods  is  for  K  to  decrease 

with  L  The  straight  line  in  the  figure  is  drawn  through  medians  for  the  periods 

m 

0000  -  1700  and  1700  -2400  hours,  with  linear  scales  for  K  and  L  ,  as  shown  by  the 

t  m 

inset  for  figure  V.4.  The  corresponding  curve  of  K  versus  q  is  compared  with  the  data 
in  the  main  figure 

Figure  V,  5  shows  for  f  =  Z  GHz  and  30-meter  antenna  heights  over  a  smooth  earth 
a  possible  estimate  of  K  versus  distance  and  time  availability.  These  crude  and  quite 
speculative  estimates  are  given  here  only  to  provide  the  example  in  the  lower  part  of 
figure  V.  6  which  shows  how  such  information  with  (V.  6)  may  be  used  to  obtain  curves  of 
Ln(q)  versus  q.  The  solid  curves  in  the  lower  part  of  figure  V.5  show  how  Ln  (q) 
varies  with  distance  for  q=  0.0001,  0.01,  0.5,  0.99  and  0.9999,  where  is  the 
transmission  loss  associated  with  the  instantaneous  power,  Wn  .  % 
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THE  NAKAGAMI-RICE  PROBABILITY  DISTRIBUTION  OF  THE  INSTANTANEOUS  FADING 
ASSOCIATED  WITH  PHASE  INTERFERENCE 

q  IS  THE  PROBABILITY  THAT  Y*.  .(W*.  -Wm)  EXCEEDS.  Y»(q). 

AS  K  DECREASES  WITHOUT  LIMIT,  THE  NAKAGAMI-RICE 
DISTRIBUTION  APPROACHES  THE  RAYLEIGH  DISTRIBUTION 
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STANDARD  DEVIATION  OC^  AND  MEAN  \  FOR 
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Y.3  Noise- Limited  Service 

A  detailed  discussion  of  the  effective  noise  bandwidth,  the  operating  noise  factor,  and 

.  .  i 

the  operating  sensitivity  of  a  receiving  system  is  presented  in  a  recent  report,  “Optimum  Use 

of  the  Radio  Frequency  Spectrum,  *  prepared  under  Resolution  1  of  the  CCXR  [Geneva,  1963c]  • 

The  median  value  of  the  total  noise  power  w  watts  in  a  bandwidth  b  cycles 

mn 

per  second  at  the  output  load  of  the  linear  portion  of  a  receiving  system  includes  external 
noise  accepted  by  the  antenna  as  well  as  noise  generated  within  the  receiving  system,  includ¬ 
ing  both  principal  and  spurious  responses  of  the  antenna  and  transmission  line  as  well  as  thi 
receiver  itself.  This  total  noise  power  delivered  to  the  pre -detection  receiver  output  may  be 
referred  tq  the  terminals  of  an  equivalent  loss-free  antenna  (as  if  there  were  only  external 
noise  sources)  by  dividing  w^  by  gQ,  the  maximum  value  of  the  operating  gain  of  the  pre- 
detection  receiving  system. 

The  operating  noise  factor  of  the  pre -detection  receiving  system,  f  ,  may  be  ex- 

op 

pressed  as  the  ratio  of  the  "equivalent  available  noise  power"  w  /g  to  the  Johnson  noise 

mn  o 

power  kT  b  that  would  be  available  in  the  band  b  from  a  resistance  at  a  reference  absolute 

°  -23 

temperature  ■  288.37  degrees  Kelvin,  where  k*  1.38054 X  10  joules  per  degree  is 

Boltamann's  constant: 

,  Wirm^*o 

V  xt  v  <v-7> 

o 

or  in  decibels : 

Fop  =  <Wmn-Go)  "  ‘B-  204>  db  *  <vt» 

The  constant  204  in  (V.8)  is  -10  1og(kT  ), 

o 

Note  that  the  available  power  from  the  antenna  as  defined  in  annex  11  has  the  desired 
property  of  being  independent  of  the  receiver  input  load  impedance,  making  this  concept 

i 

especially  useful  for  the  definition  and  measurement  of  the  operating  noise  factor  f  as 

op 

defined  under  CCXR  Resolution  1  [Geneva,  1963c]. 

At  frequencies  above  100  MHt,  where  receiver  noise  rather  than  external  noise 

usually  limits  reception,  f  is  essentially  independent  of  external  noise.  In  general,  f 

op  op 

is  proportional  to  the  total  noise  delivered  to  the  pre-detection  receiver  output  and  so 

measures  the  degree  to  which  the  entire  system,  including  the  antenna,  is  able  to  discriminate 
against  both  external  noise  and  receiver  noise. 


'Or 
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L«t  W  represent  the  median  available  wanted  signal  power  associated  with  phase 
m 


interference  fading  at  the  terminals  of  an  equivalent  lojs-free  receiving  antenna,  and  let 


the  "operating  threshold"  W  (g)  represent  the  minimum  value  of  W  which  will  provide 

mr  m 


a  grade  g  service  in  the  presence  of  noise  alone.  The  operating  threshold  W  assumes 

mr 


a  specified  type  of  wanted  signal  and  a  specified  type  of  noise*  but  does  not  allow  for  other 
unwanted  signals.  Compared  to  the  total  range  of  their  long-term  variability,  it  is  assumed 
that  and  W^(g)  are  hourly  median  values;  i,e. ,  that  long-term  power  fading  is  negligible 


over  such  a  short  period  of  time.  Let  represent  the  hourly  median  operating  signal 


gain  of  a  pre -detection  receiving  system,  xpressed  in  db  so  that  W  +  G  very  closely 

m  ms 


approximates  the  hourly  median  value  of  that  component  of  available  wanted  signal  power 
delivered  to  the  pre -detection  receiver  output  and  associated  with  phase  interference  fading. 
The  median  wanted  signal  to  median  noise  ratio  available  at  the  pre -detection  receiver 
output  is  then 

R  =  [  W  ♦  G  1  -  W  db  (V.9») 

m  m  ms  mn 


and  the  minimum  value  of  R^  which  will  provide  a  desired  grade  of  service  in  the  presence 


of  noise  alone  is 


R  (g)  =  [  W  (g)  +  G  ]  -  W  db . 
mr  mr  ms  mn 


(V.  9b) 
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V.4  Interference- Limited  Service 

Separation  of  the  total  fading  Into  a  phase  interference  component  Y^  and  the 
more  a  lowly  varying  component  Y  aa  described  in  Section  V.  1  appears  to  be  desirable 
for  several  reasons:  (1)  variations  of  Y^  associated  with  phase  interference  may  be 
expected  to  occur  completely  independently  for  the  wanted  and  unwanted  signals,  and 
this  facilitates  making  a  more  precise  determination  of  the  required  wanted- to  ^unwanted 
signal  ratio*  Rur(g)*  (2)  the  random  variable  Y^  follows  the  Nakagami-Rice  distri¬ 
bution,  as  illustrated  on  figure  V,  1,  while  variations  with  time  of  Y  are  approximately 
normally  distributed*  (3)  the  variations  with  time  of  the  median  wanted  and  unwanted 

signal  powers  W  and  W  tend  to  be  correlated  for  most  wanted  and  unwanted 
m  um 

propagation  paths*  and  an  accurate  allowance  tor  this  correlation  is  facilitated  by 

separating  the  instantaneous  fading  into  the  two  additive  components  Y  and  and 

(4)  most  of  the  contribution  to  the  variance  of  W  with  time  occurs  at  low  fluctuation 

m 

frequencies  ranging  from  on#  cycle  per  year  to  about  one  cycle  per  hour*  whereas  most 

of  the  contribution  to  the  variance  of  Yn  occurs  at  higher  fluctuation  frequencies* 

greater  than  one  cycle  per  hour.  Only  the  short-term  variations  of  the  wanted  signal 

power  and  the  unwanted  signal  power  w  associated  with  phase  interference 

fading  are  uaed  in  determining  rur(gj*  the  ratio  of  the  median  wanted  signal  power 

w^  to  the  median  unwanted  signal  power  required  to  provide  a  specified  grade 

of  service  g.  Let  denote  the  ratio  between  the  instantaneous  wanted  signal 

power  W  4  Y„  and  the  instantaneous  unwantsd  signal  power  W  +  Y  ... 
r  m  n  m  r  Um  un 


where 


R  *  W  +  Y  -  W  -  Y  *  R  4  Z„ 
utr  m  tr  um  ufl  u  n 


Zm  ■  Y„  -  Y  „  and  R  *  W  -  W 
tt  tt  utr  u  m  um 


(V.10) 
(V.  11) 


Note  that  the  cumulative  distribution  (unction  y  (q,  K)  for  Y  vill  u.ually  be  different  from 

Tf  n 

the  cumulative  distribution  function  K  J  for  Y  since  the  wanted  signal  propagation 

path  will  differ  from  the  propagation  path  for  the  unwanted  signal.  Let  Z ^  n>  V*K'K«> 
with  probability  q;  then  the  approximate  cumulative  distribution  function  of  Z^  is  given  by: 

•  2n#(V,  K.  Ku)  =  ±  Jy*( q.  K)  +  Y*(i  -q,  Ku)  (V.  12) 

In  the  above,  the  plus  sign  is  to  be  used  when  q  <  0.  5  and  the  minus  sign  when  q  >  0.  5  ;  note 
that  -2^  (l-q(  K,  K^)  =  Z^q,  K,  K^)  .  This  method  of  approximation  is  suggested  by  two  ob¬ 
servations:  (1)  service  may  be  limited  for  a  fraction  q  of  a  short  period  of  time  either  by 
downfades  of  the  wanted  signal  corresponding  to  a  level  exceeded  with  a  probability  q  or  bv 
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Let  R  (g)  denote  the  required  value  of  R  for  non-fading  wanted  and  unwanted 
uro  *  u 

signals  and  it  follows  from  (V.10)  that  the  instantaneous  ratio  for  fading  signals  will  exceed 
Ruro^>  w*th  a  ProbabUltY  at  equal  to  q  provided  thgt: 


+■ 


R  >  R  (g»  q,  K,  K  )  =  R  (g)  -  2  (q,  K,  K  )  (V.  14} 

u  ur'°  n  u  uro'®  trv  u 

The  use  of  (V.  14)  to  determine  an  allowance  for  phase  interference  fading  will  almost 
always  provide  a  larger  allowance  than  will  actually  be  necessary  since  (V.  14)  was  derived 
on  the  assumption  that  R  (g)  is  constant.  For  most  servicest  R  (g)  will  not  have  a 
fixed  value  for  non-fading  signals  but  will  instead  have  either  a  probability  distribution  or  a 
grade  of  service  distribution;  in  such  cases  R^(g)  should  be  determined  for  a  given  q 
by  a  convolution  of  the  distributions  of  R  (g)  and  -  2  .  In  still  other  cases  the  mean 
duration  of  the  fading  below  the  level  2^(q,  K»  K^)  will  be  comparable  to  the  mean  duration 
of  the  individual  message  elements  and  a  different  allowance  should  then  be  made.  In  some 
cases  it  may  be  practical  to  determine  as  a  function  of  g,  q,  K,  ’and  in  the 

laboratory  by  generating  wanted  and  unwanted  signals  that  vary  with  time  the  same  as  Y^ 
and  Yun  This  latter  procedure  will  be  successful  only  to  the  extent  that  the  fading  signal 
generators  properly  simulate  natural  phase  interference  fading  both  as  regards  their  ampli¬ 
tude  distributions  and  their  fading  duration  distributions.  Am  this  annex  is  intended 
to  deal  only  with  general  definitions  and  procedures,  functions  applicable  to  particular  kinds 
of  wanted  and  unwanted  signals  which  include  an  appropriate  phase  interference 
fading  allowance  are  not  developed  here. 

The  ratio  R^  defined  as  an  hourly  median  value  equal  to  the  difference  between 

W  (0,  5)  +  Y  and  W  (0.  5)  *  Y  will  also  vary  with  time; 
m  um  u  7 


R  *  W  -  W 
u  m  um 


W  (0.5)  -W  (0.5) +  2 
m  um 


(V.l$) 


Z  *  Y  -  Yu  •  (V.  16) 

The  random  variables  Y  and  Y^  tend  to  be  approximately  normally  distributed  with  a 
positive  correlation  coefficient  p  which  will  vary  consi  lerably  with  the  propagation  paths 
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and  the  particular  time  block  involved*  For  the  usual  period  of  all  hours  of  the 

day  for  several  years  preliminary  analyses  of  data  indicate  that  p  will  usually  exceed  0.4 

even  for  propagation  paths  in  opposite  directions  from  the  receiving  point.  Z  will  exceed  a 

value  Z  (q)  for  a  fraction  of  time  q  where  the  approximate  cumulative  distribution  func- 
21 

tion  Z  (q)  o i  Z  is  given  by 
a 

Za<<0  =  * yf Y  W  +  (  *  -  q)  +  l  P  Y(q)  Yu(  1  -  q)  (V.  17) 

where  the  plus  sign  is  to  be  used  for  q  <  0. 5  and  the  minus  sign  for  q  >0.  5  while 

Z  (0.5)s  0.  It  follows  from  (V.  15)  and  (V.17)  that  R  will  exceed  R  (g)  for  at  least 
a  u  ur° 

a  fraction  of  time  q  provided  that 

Wm<0.  5)  -  W^O.  5)  >  Rur(g)  -  Za(q)  .  (V.  18) 

In  some  cases  it  may  be  considered  impractical  to  determine  the  function  R  (cl 

ur  6 

by  adding  an  appropriate  phase  interference  fading  allowance  to  R  (g) ;  in  such  cases  it 
may  be  useful  to  use  the  following  approximate  relation  which  will  ensure  that  the  instantan¬ 
eous  rnlio  R  >R  (g)  for  at  least  a  fraction  of  time  q  ; 

utt  uro  ” 

Wm(°* 5)  *  Wum<°‘  5)  >  Ruro'8)  +  K*  Ku‘  '  (V-  «> 

In  llir  above,  the  minus  sign  is  to  be  used  for  q  <  0.  5  and  the  plus  sign  for  q  >  0.5. 
Alihot^h  ( V.  19),  or  Us  equivalent,  has  eften  been  used  in  past  allocation  studies,  this  usage 
is  depict  atcrl  since  it  docs  not  provide  a  solution  which  is  as  well  adapted  to  the  actual  nature 
ol  the  problem  as  the  separation  of  the  fading  into  its  two  components  Y  and  Y  and  the 
separate  use  ol  (V  14)  and  (V.18).  Note  that  (V.19)  provides  a  fading  allowance  which  is 
too  small  .  omparctl  with  that  estimated  using  (V.  14)  and  (V.18)  separately.  The  latter 
lornotlas  arc  e<  ommended.  They  make  more  appropriate  allowance  for  the  fact  that 
.  ontimui n  ations  at  particular  times  of  the  day  or  for  particular  seasons  of  the  year  are 
especially  duiieult. 
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V.  5  The  Joint  Effect  of  Several  Sources  of  Interference  present  Simultaneously 

The  effects  of  interference  from  unwanted  signals  and  from  noise  have  so  far  been 

considered  in  this  report  as  though  each  affected  the  fidelity  of  reception  of  the  wanted  signal 

independently.  Let  w  (g)  and  r  (g)w  denote  power  levels  which  the  wanted  median 
tnr  ur  um 

signal  power  w  must  exceed  in  order  to  achieve  a  specified  grade  of  service  when  each 
m 

source  of  interference  is  present  alone.  To  the  extent  that  the  various  sources  of 
interference  have  a  character  approximating  that  of  white  noise,  this  same  grade  of  service 
may  be  expected  from  a  wanted  signal  with  median  level 

w_  =  w  (g)  +  /  * 

xn  mx  4/  ur  um 

when  these  sources  are  present  simultaneously. 

An  approximate  method  has  been  developed  [  Norton,  Star  as,  and  Slum,  1952  \  for 
determining  for  a  broadcasting  service  the  distribution  with  time  and  receiving  location  of  the 
ratio 

w  /|w  (g)  +  /  r  (g)w  | 

m  L  mr  6  ur'6f  umj 

Although  this  approach  to  the  problem  of  adding  the  efxecu  of  interference  will  probably 

always  provide  a  good  upper  bound  to  the  interference 9  this  assumption  that  the  interference 

power  is  additive  is  often  not  strictly  valid.  For  example,  when  intelligible  cross-talk  irom 

another  channel  is  present  in  the  receiver  output  circuit,  the  addition  of  some  white  noise 

will  actually  reduce  the  nuisance  value  of  this  cross-talk. 

Frequently,  however,  both  w  (e)  and  w  will  be  found  to  vary  more  or  less 

Independently  over  wide  ranges  with  time  and  a  good  approximation  to  the  percentage  of  time 

that  objectionable  interference  is  present  at  a  particular  receiving  location  may  then  be* 

obtained  [Barsis,  et  al,  1961  ]  by  adding  the  percentage  of  time  ihat  w  is  less  than 

m 

w  (g)  to  the  percentages  of  time  that  w  is  less  than  each  of  the  values  of  r  (g)w 
mr  m  ur  um 

When  this  total  time  of  interference  is  small,  say  less  than  10%,  this  will  represent  a 
satisfactory  estimate  of  the  joint  influence  of  several  sources  of  interference  which  are 
present  simultaneously.  Thus,  when  the  fading  ranges  of  the  various  sources  of  interference 
are  sufficiently  large  so  that  t^is  latter  method  of  analysis  is  applicable,  the  various  values 
of  wmr(fi)  °*  rur^wum  ^  have  comparable  magnitudes  for  negligible  percentages 
of  the  time  so  that  one  may,  in  effect,  assume  that  the  various  sources  of  interference  occur 
essentially  independently  in  time. 

Minimum  acceptable  wanted -to -unwanted  signal  ratios  r  may  sometimes  be  a 

function  of  r  ,  the  available  wanted  signal-to-noise  ratio.  When  r  is  within  3  db  of 
m  ur 

an  unwanted  signal  may  be  treated  the  same  as  external  noise,  ana,  in  a  similar  lashxon, 
long-term  distributions  of  available  wanted -to-unwunted  signal  raliob  rr.«*y  be  determin-  d  for 
each  class  of  unwanted  signals  for  which  r  _  is  nearly  the  same 
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V.  6  The  System  Equation  for  Noise  -Limited  Service 

Essential  elements  of  a  noise-limited  communication  circuit  are  summarized  in  the 

following  system  equation.  The  transmitter  output  which  will  provide 

dir  a-  of  total  radiated  power  in  the  presence  of  transmission  line  and  matching  network  losses 

I  db.  and  which  will  provide  a  median  delivered  signal  at  the  pre-detection  receiver  output 

which  is  R  db  above  the  median  noise  cower  Mf  delivered  to  the  pre-detection  receiver 
m  *  mn 

output  is  given  by 


W,-L*L+R+{W  -  G  }  dbw 

ft  ft  ni  m  mn  ms 


(V .  20) 


in  the  presence  of  a  median  transmission  loss  L  and  a  median  operating  receiving  system 

m 

signal  gain  G  .  The  operating  signal  gain  1 f  the  ratio  of  the  power  delivered  to  the  pre- 

ms 

detection  receiver  output  to  the  power  available  at  the  terminals  of  an  equivalent  loss-free 

antenna.  Let  Gq  be  the  maximum  of  all  values  of  operating  signal  gain  in  the  receiver  pass 

band,  and  the  median  value  for  all  signal  frequencies  in  the  pass  band.  (W^  -  G^) 

in  {V.  Z0)  is  the  equivalent  median  noise  power  at  the  antenna  terminals,  as  defined  in  section  V.  3. 

It  is  appropriate  to  express  the  system  equation  (V.ZO)  in  terms  of  the  operating 

noise  factor  F  defined  by  (V.8),  rather  than  in  terms  of  W  or  (W  -  G  )  in 
op  mn  mn  ms 

order  to  separate  studies  of  receiving  system  characteristics  from  studies  of  propagation. 

For  this  reason  all  predicted  power  levels  are  referred  to  the  terminals  of  an  equivalent 

loss -free  antenna,  and  receiving  system  characteristics  such  ai  F  ,  G,  G  ,  and 

op  o  ms 

B  =  10  log  b  are  separated  from  transmission  loss  and  available  power  in  the  formulas. 

Rearranging  terms  of  (V.8),  the  equivalent  median  noise  power  G^ J  delivered 

to  the  antenna  terminals  may  be  expressed  as 


W 

inn 


G 

ms 


=  F  +{G  -G  )+(B-  204) 
op  o  ms 


(V-  21) 


where  G  and  G  arc  usually  nearly  equal.  Assuming  that  L.  ,  G  ,  G  .  and  B 
o  ms  771  *  ft  o  ms* 

arc  constant,  it  is  convenient  to  combine  these  parameters  into  an  arbitrary  constant  K^: 

K  =  L,  +  G  -  G  +  B  -  Z04  dbw  (V.  ZZ) 

o  ft  o  ms  1  ' 


and  rewrite  the  system  equation  as: 


W 


ft 


:  K  +  L  +  R  +  F 
o  m  m  op 


dbw 


(V.  23) 


In  genera!,  if  unwanted  signals  other  than  noise  may  be  disregarded,  service  exists 

whenever  R  (q)  exceeds  R  (g),  where  R  (q )  is  the  value  of  R  exceeded  a  fraction  a 
m  mr  m  ^  m  ^ 

of  .ill  hours.  With  G  and  w  assumed  constant,  so  that 
ms  mn 


Rm<q>  = 


+  *  Wn 


(V.  24) 
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service  exists  whenever  W  (<j)  exceeds  f  or  whenever  L  ft})  is  less  than  the  max- 

nt  mr  m 

trrttim  allowable  erms  mission  loss  L  (^)  _  An  eosivalenl  statement  may  be  made  in  terms 

mo 

o!  the  system  equation.  The  transmitter  pow«rr  *Y^(q)  which  will  provide  lor  a  fraction  c 

of  all  hours  at  least  the  grade  g  service  defined  t*y  the  required  signal -to- noise  ratio 

H  „(g)  is 
mr 


.w*F«  ♦*««*» 


(V.  25} 


where  L  (c)  :s  the  hourly  median  transmission  loss  not  exceeded  for  a  fraction  c  of  all 
m  ' 

hours. 

For  a  fixed  transmitter  power  dbw.  the  s£gsal-to-noise  ratio  exceeded  q  percent 

of  all  hours  is 


R  (ds  W  -K  -  F  -  L  (c)  co 
m  o  o  op  m  ' 


(V.  26) 


for  a  **meczan'"  propagation  pair,  for  wmch  the  service  probability,  Q  ,  is  by  definition  equal  to  0.  5. 
The  maximum  allowable  transmission  loss 


L  (g)  =  W  -  K  -  F  -  R  (g) 
mo  o  o  op  mr 


(V.  27) 


is  set  equal  to  the  loss  L,^(q#Q)  exceeded  during  a  fraction  (1  -  c)  of  all  hours  witn  a  probability 

Q-  This  value  is  fixed  when  P  ,  K  ,  and  R  (g)  have  been  determined,  and  for  each 

o  o  mr 

time  availability  q  there  is  a  corresponding  service  probability,  Q{q).  Section  V.  5  will 
explain  how  to  calculate  Q(q). 

When  external  noise  is  both  variable  and  not  negligible,  the  long-term  variability  of 
F  must  be  considered,  and  the  following  relationships  may  be  used  to  satisfy  the  condition 


R  (q)>R  (g) 

mr16 


R  (q)*R  (0.5)tY  (q) 
m  m  m 


R  (0.5)  =»  Vw  -K  *F  {0.  3)  -  L  (0  5) 
m  o  o  op  m 

Ym(q)  -  y2(q)  +  Yn  (  1  '  «3)  -  2P to  YW  Yn<‘  ' 


Y(q)  -  L  (0. 5)  -  L  (q).  ’  Y  (q)  =  F  (q)  -  F  (0.5) 

m  m  n  op  op 


(V .  28) 

(V.29) 
(V.  30) 
(V.  31) 
(V .  32) 


w..erc  p  is  the  long-term  correlation  between  W  and  F  .  Though  p  could 
tn  m  op  B  Ktn 

theoretically  have  any  value  between  -  1  and  1,  it  is  usually  zero. 


v 

» 
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V.  7  ihc  Time-  Availability  of  Igttrfcreacc«Liimicd  Service 

1 -  i  ii  i^nuir  ihr  -on^-icrm  vorrclatiwi  bfiwwft  ’A'  and  ,  the  power  cx- 

*  t.:  m  tirrj 

£*■«  «•'•*  i-  available  at  !fjjt  q  percent  of  all  hours  at  the  terminals  ox  an  equivalent  loss- 
*:*'•  “■  .  .ivir.f  jnU'tstu  ir-*sn  tea  met!  and  unwanted  stations  radiating  vs,  and  %  v.iUS, 

4>  II 

rr  -p*.  (cvcly ; 

wf  (f?)  -  W  -  t.  („1  dbw  ,  w  («)  W  -  L.  (ql  dbw  (V.  33) 

«»  u  m  *  tun  ^  u  urn  ^ 

V,  -  JO  lop  or  diw  .  W  =  10  log  ^  dbw  (V.34) 

O  O  «J  u 

sit-*  rrjicr:»;i  for  service  of  at  least  grade  g  in  the  presence  of  a  single  unwanted  signal  and 
*:»  ih*-  licence  of  other  unwanted  signals  or  appreciable  noise  is 

Rut3,>  Rur(s*  q)  «v-35> 

IvIn'fC 

Rtth)=Rtt{0.5)iyR(«;) 

R  (0. 5)  ir  W  -  (0.  5)  -  W  (0.  5) 

u  m  um 

YR2(n)  S  Y^)  +  ci  -  q)-  2ptu  Y(q)  Yu  {  1  -  q) 

Y  (q)  -  W  (q)-W  (0.5)  -  L  (0.5) -L  (q) 

u  ^  um  um  um  um 

If  w  W  t  and  F  were  exactly  normally  distributed, 
ni  um  op  77 

exact;  they  represent  excellent  approximations  in  practice. 


(V.  36) 
(V.  37) 

(V.  38) 

(V.39) 


(V. 31)  and  (V.38)  would  be 
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V.8  The  Estimation  of  Prediction  Errors 

Consider  the  calculation  of  the  power  W  (q)  available  at  the  terminals  of  an  equiva- 

m 

lent  loss-free  receiving  antenna  during  a  fraction  q  of  all  hours.  W  (q)  refers  to  hourly  median 

m 

values  expressed  in  db sw .  For  a  specific  propagation  path  it  is  calculated  in  accordance  with 
the  methods  given  in  sections  2-10  using  a  given  set  of  path  parameters  (d,  f,  0,  h^,  etc.).  De¬ 
note  by  W  (q)  observations  made  over  a  large  number  of  randomly  different  propagation  paths, 
mo 

which,however,can  all  be  characterized  by  the  same  set  of  prediction  parameters.  Values  of 

V  (q)  will  be  very  nearly  normally  distributed  with  a  mean  (and  median)  equal  to  w  (q>. 

•  •  *o  ^  m 

and  a  variance  denoted  by  cr“(q).  This  path-to-path  variability  is  illustrated  in  Fig.V.6  for 

a  hypothetical  situation  which  assumes  a  random  distribution  of  all  parameters  which  are  not 

taken  into  account  in  the  prediction  method. 

The  variance  of  deviations  of  observation  from  prediction  depends  on  available 
c 

data  and  the  prediction  method  itself.  The  most  sophisticated  of  the  methods  given  in  this  re¬ 
port  for  predicting  transmission  loss  as  a  function  of  carrier  frequency,  climate,  time  block, 
antenna  gains,  and  path  geometry  hav-  been  adjusted  lo  show  no  bias,  on  the  average,  for  the 
data  discussed  in  section  10  and  in  annex  I. 

Most  of  these  data  are  concentrated  in  the  40-1000  MHz  frequency  range,  and  were 
obtained  primarily  for  xranshorizon  patha  in  climates  1,  2,  and  3.  Normally,  one  antenna  was 
on  the  order  of  10  meters  above  ground  and  the  other  one  was  higher,  near  200  meters.  Even 
the  low  receiving  antennas  were  located  on  high  ground  or  in  clear  areas  well  removed  from 

hills  and  terrain  clutter.  Few  of  the  data  were  obtained  with  narrow-beam  antennas.  An  at¬ 
tempt  has  been  made  to  estimate  cumulative  distributions  of  hourly  transmission  loss  medians 
for  accurately  specified  time  blocks,  including  estimates  of  year-to-year  variability. 

A  prediction  for  some  situation  that  is  adequately  characterized  by  the  prediction 
parameters  chosen  here  requires  only  interpolation  between  values  of  these  parameters  for 
which  data  are  available.  In  such  a  case,  <r  (q)  represents  the  standard  error  of  prediction. 

The  mean  square  error  of  prediction,  referred  to  a  situation  for  which  data  are  not  available,  is 
(qi  plus  the  square  of  the  bias  of  the  prediction  method  relative  to  the  new  situation. 

Based  or.  an  analysis  of  presently  available  transhorizon  transmission  loss  data,  the 
l 

variance  a  (q)  is  estimated  a* 

ff2(q)  =  12.73  +  0.  12  Y2(q)  db2  (V.40) 

2 

where  Y  (q)  is  defined  in  section  10,  Since  Y  (0.  5)=  0,  the  variance  <r  (0.  5)  of  the  difference 

2  c 

between  observed  and  predicted  long-term  medians  is  12.73  db“,  with  a  corresponding  stand¬ 
ard  deviation  c  (C.5)  =  3.57  db. 
c 
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It  i*  occasionally  very  difficult  to  estimate  the  prediction  error  and  the 

service  probability  Q.  Where  only  a  small  amount  of  data  is  available  there  is  no  adequate 
way  of  estimating  the  bias  of  a  prediction.  One  may,  however,  assign  weights  to  the  curves 
of  V(0.  5,d^)  in  figure  10.1  3  for  climates  1-7  based  on  the  amount  of  supporting  data  avail¬ 
able; 


Climate  Number 
1 
2 

3 

4 

5 

6 

7 


Weight 

300 

120 

60 

2 

(deleted) 

5 

5 


As  an  example,  for  d  =  600  km,  the  average  V(0.  5,  d  )  weighted  in  accordance  with  the  above 

*  e  2 
is  0. 1  db,  and  the  corresponding  climate -tO^climale  variance  of  V(0.  5)  is  3.  1  db  .  If  a 

random  sampling  of  the*i*  fcitniaxa^t^  dSilre'd  the  ptedicted  median  value  L(0.  5)  is  L ^  - 

V(0.  5)  =  L.  -  Q.  1  db  ,  with  a  standard  error  of  prediction  equal  to  (12.  7  +  3. 1)^  =  4  db , 
cr  2 

where  12.7  db  is  the  variance  of  V(0.  5)  within  any  given  climate. 

If  there  is  doubt  as  to  which  of  two  particular  climates  i  and  j  should  be  chosen,  the 

best  prediction  pf  L^(q)  might  depend  on  the  average  of  V^O.  5,d^)  and  Vj(0.  5,dfi)  and  the 

root-mean  square  of  Y.(q,  d  )  and  Y  (q, d  )j* 
i  e  j  e 


L(q)  =  L  -  0.5 
cr 


Yij(q.  de)  = 


V  (0.  5,  d  )  +  V.(0.  5,  d  )1  -  Y..(q,  d  )  db 
i  e  j  e  I  lj  e 


0.  5  Y  (q»  d  )  +  0.  5  Y* 

i  t  i 


Y..(q.  de, 

db, 

(V.  41) 

■|i 

y]  db 

(V .  42) 

i(°.5,de) 

-Vj(0.5.de) 

db .  The 

the  variance 


v  ua  a  ui  i  ua  u  uc  coiUiiAkvU  cio  c  a 

Z  I 

,  ore(0.  5)  knd  the  square  of  the  bias,  or 

j 

jl2.73jo.12  Y^(q.de)  +  0.25^V.(0.5,  d£)  -  V.(0.  5,  dgJj  db . 


v - *  i 


According  to  figure  10.13,  V(0.  5,  d^ )  is  expected  to  be  the  same  for  climates  1  and  8. 

This  conclusion  and  the  estimate  for  Y(q,  d^)  shown  in  figure  III.  29  for  climate  8  are  based 

solely  on  meteorological  data.  In  order  to  obtain  these  estimates,  the  percentages  of  time  for 

which  surface-based  ducts  existed  in  the  two  regions  were  matched  with  the  same  value  of 

Y(q,d^)  for  both  climates.  In  this  way,  Yg(q,d  )  was  derived  from  Y^(q,d  )  by  relating  q 

to  q  for  a  given  Y  instead  of  relating  YQ  to  Y.  for  a  given  q. 

1  8  1^ 
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V. 9  The  Calculation  of  Service  Probability  Q  for  a  Given  Time  Availability  q 
For  noiae- limited  service  of  at  least  grade  g  and  time  availability  q,  the  ser¬ 
vice  probability  Q  is  the  probability  that 

LmoU>-tm«i)>0  (V.«) 

if  external  noise  is  negligible.  L  (g)  ia  defined  by  { V . 27)  .  The  criterion  for  service 

mo 

limited  by  vaiiable  external  noise  is 

R^(q)  -  R^(g)  >  0  (from  equation  V,28)* 

For  service  limited  only  by  interference  from  a  single  unwanted  signal, 

R^(q)  -  R^r(g#  q)  >  0  (from  equation  V.iS)* 

Combining  ( V .22)  and  (V.27),  (V.43)  may  be  rewritten  as 

W0  *  LM  -  G0  +  cm9  -  U  +  204  -  Fop  ■  >  0  <V- 

where  the  t<  ruin  are  d*  fined  in  ( V .  B)  and  section  V.b.  Assuming  that  the  error  of  estimation 

2 

ot  the#e  terms  irom  s^sum  to  s)stem  is  negligible.  e\itpi  tor  the  path»iu.path  variance  a  (q) 
oi  L^(q)  it  *•  convenient  to  represent  the  sei\ue  probability  U  as  a  lunction  ot  the  standard 
normal  deviate  z  :■ 


■  ^  Ln>tq> 

*mo  9  (q)  (V .  4S) 

c 


which  has  a  mean  of  aero  and  a  variance  of  unity  L  is  identified  as  the  transmission 

mo 

loss  exceeded  a  fraction  (1-q)  of  the  mile  with  a  probability  Q,  whuh  is  expressed  in  terms 
of  the  error  tunc  lion  as 


Ql‘mo'  *  1  *  1  vrt{\J'iT)  *  (V  46) 

Figure  V.7  is  a  graph  of  Q  ver&us  z 

mo 

For  the  method  described  here,  the  condition 


0.U  Y(q)  z  (Q)  <  -„  (q) 
mo  c 


(V.  47) 


18  Sufficient  to  insure  that  the  Service  probability  Q  increases  at  the  time  availability  q 
»*♦  decreased  A  les&  restrictive  condition  is 


'l<l^Lmo  '  Lm'0,i)l  ^  100  db^  (V.  48) 

V-25 

F-M:3 


f 


ax 


&b  cua9&r  is  nhmmea  sx  f%*re  «*£&  4  **rsqas  O  far  nfctart  yitfi  JHAsr 

*sd  «  =  4$  dar„  actrf  £.  {$.Ql  -  W  *  B4&  &.  Serf. 

<£>  SB  S> 

fa.  w  -  b«1 

<  =  ».S-#  ®.5«ri  fi - 1  «¥-«» 

|_  B®-iI  J 

ccrgc spwfrfccg  c©  a  msc-SKaE  dftstrthirciiiTB  •arsA  *  mm  £-  {*>_  5ft  *  E#D  &  attafi  a  de^xatsotB 

SB 

Y{®..  B5*>  =  £®  <a>_  J  ftoe*  eftas  *>er»®s  q  as  eseasaaSttB  %  &e  nr  "frisks  <*£  sort isc  £$  is 

cssstESy  mac  g*gg~asa£5y  <fisffTrtlktf*d|  _ 

To  eft*  cigar  ayaa£a%clEgy  »*rs«s  service  gggftafonHTy  cxr»*s  as  fiycr*  ^F.S,  -L  fig) 

2  s=s 

«2S  cfcc*cmrtfl  crees  q_  Y{<^  crocs  ^..  *  fl«$  frees  gV..  *81$..  x  fro»  f(V-^35»  amt  <Q  frees 

<r  cm© 

sijpsr«-  T.T,  Tafts  saear  gercifasd  «c  caSxcBaSftfie  assay  be  ssc£  webem  sherc  are  arftfrrrOTafl  soirees  cc 
yr«*earcsw.  errer  ft*i  addbag  sariaaires  cs  _  ftjsaeaiaftCjg  ff*»ss£b5c  trade-offs  becseec  c==ae 

axasBaiisfcay  .cmd  feraire  pccaabcHty  rnsxsmm  =s  S^ere  V_&.  aece  eft*  imrrease  frees  ~  =;  c© 

^  s  fee  O  -  $„5?5l  ctt  eft*  imereasr  frees  {£=(!>.#&  cr>  0  =  (£-5*7  5®r  «  -  ®-W.  as  tfte 

radiated  suwer  ts  increased  freem  cce  Sc  tec  salttosagSs.. 

r  cc  cfce  case  o t  tense  BssssSc^  by  external  msexe  ex  £V.  £$i  may  ft*  rr»T:res  x» 


V  -  H  -  F  {©-  5ft  -  L  I®-  ^  *  s  «<^  -  3  {*3  >  ©  - 

o  ©  op  as  sb  rasr 


IV.5©9 


Oar  nuy  i^more  arry  error  cf  estircasiac  of  S^.  amt  3  as  ee^B^^ue  >ad  assacae  so 

paci^cc^ path  ecc  relative  betm^eec  F  {5.5ft  amt  L  J®,  5ft  .  T ft*  variance  <r^  f<c$  of  F  {$.50  *r 

cp  rx  op  ^  °? 

t  {S.  53  -  T^{c)  is  (V.  53j  rear  abec  be  orrftsaec  as  a  sees  ctf  coecp»pc*ail  raraaco  asd 


VZ  4«3  -  *i  ■»  12.73  •»  0. 12  T2  (cj  di>2  - 

op  r  s 


CV.bl? 


Vtrr  little  is  csovs  abttet  values  for  si*  variance  r_  of  r  (C.  53  .  bat  is  is  probably  cc  tie 

2  r  °? 
order  os  Z0  db  . 

The  ^orre*pccdisc  star. card  ccrrcal  deviate  x  as: 

o? 


*  a_.*6> 
m  mr 


op 


<V\5Z) 


op 


Ccj 


^nd  ike  servue  probability  Q{q)  is  gives  by  <V.46)  mth  x  replaced  by  x 
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Fa «*  sSbe  case  c£  service  Brrcsed  ®c£y  by  :*!frfercarc  trees  a  sisgle  arwasted  radio 
signal  (V.  35£  za  (V.  39j  r=ay  be  reartots  as 
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Let  g>  cesscc  cbe  sfflCTraSfxetd  ccrre£ar£©tr  ©r  covariance  between  ©asb-£©-palh  variatiocf  of 
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«  ^  xr  xr 

the  freal  variance  <r  cd  ary  estimate  ©f  tie  service  criteria©  fiver  by  (V.  S3)  may  be  written 

car 
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•arbcre  T^(c$  is  fiver  by  (V-  3i|-  Tie  corresponding  standard  rcmaa  deviate  x  is: 

2  XC 
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V.  10  Optimum  Use  o;  t  v  Radro  Frequency  Spectrum 

The  business  of  the  telecommunications  engineer  is  to  develop  efficient  radio  systems, 
and  the  principal  tool  for  improving  efficiency  is  to  adjust  the  various  parameters  to  their 
optimum  values.  For  example,  it  :s  usually  more  economical  to  use  lower  effective  radiated 
powers  from  the  transmitting  systems  by  reducing  the  operating  sensitivities  of  the  re¬ 
ceiving  systems.  Receiving  system  sensitivities  car.  be  reduced  by  (a)  reducing  the  level  of 
internally  generated  noise,  (b)  using  ar.:en:.a  directivity  to  reduce  the  effects  of  external  noise 
(c)  reducing  man-made  no: sc  Lei  els  bv  suppressors  on  noise  generators  such  as  ig¬ 

nition  systems,  relays,  power  transmission  systems,  etc.,  and  (d)  using  space  or  time  di¬ 
versity  and  coding.  The  use  of  more  spectrum  in  a  wide  band  FM  system  or  in  a  frequency 
diversity  system  can  also  reauce  tne  receiving  system  operating  sensitivity  as  well  as  re¬ 
duce  the  acceptance  ratios  against  unwanted  signals  other  than  noise. 

Unfortunately,  unlike  other  natural  resources  such  as  land,  minerals,  oil,  and 

water,  there  is  currently  no  valid  method  for  placing  a  monetary  value  on  each  hertz  of  the 
radio  spectrum.  Thus,  in  the  absence  of  a  common  unit  of  exchange,  these  tradeoffs  are 
often  made  unrealistically  at  the  present  time  It  is  now  generally  recognized  that  the  use  of 
large  capacity  computers  is  essential  for  opi  miring  the  assignment  of  frequencies  to  various 
classes  of  service  including  the  development  of  optimum  channelization  schemes.  Typical 
inputs  to  such  computers  are: 

1.  Nominal  frequency  assignments. 

Z.  Transmitting  system  locations,  including  the  antenna  heights. 

3.  Transmitting  system  signatures;  i.e.,  the  radiated  emission  spectrum  charac¬ 
teristics  including  any  spurious  emission  spectrums. 

4.  Transmitting  antenna  characteristics. 

5.  Receiving  system  locations,  including  the  antenna  heights. 

6.  Spurious  emission  apectrums  of  the  receiving  systems. 

7.  Operating  sensitivities  of  the  receiving  systems  in  their  actual  environments 
which  thus  make  appropriate  allowance  for  the  effects  of  both  man-made  and 
natural  noise. 

8  Required  values  of  wanted-to -unwanted  phase  interference  median  signal  powers 
for  all  unwanted  signals  which  coulc  potentially  cause  harmful  interference  to 
the  wanted  signal;  these  acceptance  ratios  include  appropriate  allowances  for 
reductions  in  the  effects  of  fading  achieved  by  the  use  of  diversity  reception  and 
ceding 


I 

! 

l 


F-469 


I 


p 

I 


I 


i 

f 

t 

i 

r 

I 

i 


i 

i 

J 


CCP  702-1 

(}~  Lurtji-icrsn  Rtrdiar.  reference  voices  o:  basic  transmission  loss  and  path  Mtcaca 
K^ifl  lor  the  wanted  path  aad  aU  of  the  owaaird  fiscal  piopagatiot  paths;  these 
path  atuemta  include  ailowaaces  for  gresertym  orjentatfore,  polariiaaioo,  sad 

muitipath  phase  mismatch  cccplisg  losses. 

10.  Distributions  m-jih  time  of  the  transmission  loss  for  the  wasted  signal  path  and 
all  of  the  unwanted  signal  paths - 

H.  Correlations  between  the  transmission  losses  ore  the  wanted  and  ere  each  of  the 
unwanted  propagation  paths. 

l£-  Transmission  lire  and  antenna  circuit  losses* 

13.  The  spurious  emission  spectrum  of  any  unwanted  signals  arising  from  unli¬ 
censed  source*  such  as  diathermy  machines,  electronic  heaters,  welders, 
garage  door  openers,  etc. 

14.  Asfi^cd  hours  of  operation  of  each  wanted  and  each  unwanted  emission. 

The  output  of  the  computer  indicates  simply  the  identity  and  nature  of  the  cases  of  harmful 
interference  encountered.  Harmful  interference  is  defined  as  a  failure  to  achieve  the  speci¬ 
fied  grade  «*i  servi.  e  tor  »!»;«  ir.-.u  tiie  r^quiric  traction  o:  time  curing  the  assigned  hours 
ol  operation.  Changing  seme  of  the  inputs  to  tix:  computer,  an  iterative  process  can  be 
defined  which  nuy  lead  to  an  assignment  plan  with  no  cases  of  harmful  interference. 

Ii  is  assumed  that  a  given  band  of  radio  frequencies  has  been  assigned  to  the  kind  of 
radio  service  under  consideration  and  that  the  nature  of  the  services  occupying  the  adjacent 
frequency  bands  is  also  known-  Furthermore,  it  is  assumed  that  the  geographical  locations 
of  each  of  the  transmitting  and  receiving  antennas  are  specified  in  advance,  together  with  the 
relative  value*  of  the  radiated  powers  from  each  transmitting  antenna  and  the  widths  and 
spacing*  of  the  radio  frequency  channels.  In  the  case  of  a  broadcasting  service  the  speci¬ 
fication  of  the  intended  receiving  locations  can  be  in  terms  of  proposed  service  areas.  With 
this  information  given,  use  may  be  made  of  the  following  procedures  in  order  to  achieve 
optimum  use  of  the  spectrum  by  this  particular  service : 

(a)  The  system  loss  for  each  **f  the  wanted  signal  propagation  paths  should  be  mini¬ 
mized  and  for  each  of  the  unwanted  signal  propagation  paths  should  b?  maximized; 
this  may  be  accomplished  by  maximizing  the  path  antenna  power  gains  for  each  of  the 
wanted  signal  propagation  paths,  minimizing  the  path  antenna  gains  for  each  of  the 
unwanted  propigation  paths,  and  in  exceptional  cases,  by  appropriate  antenna  siting. 
The  path  antenna  gains  for  the  unwanted  signal  propagation  paths  may  be  minimized 


V  -  32 


F-470 


CC?  702-1 

hf  the  use  cz  hjgfc-gais.  ggassattsagilqg  and  receiving  aryfansas  wish  cgCtrmsm  tide  !c6e 
nyyrestiop  hca^-tc^back  ratios  2nd,  m  some  ewes,  by  she  case  c£  altercate 
pelagitagMes  far  geograpH rally  aijaccal  stasfaas  or  by  appropriate  s&se!dsa(. 

(b)  The  repered  prceecticc  ration  r  (g)  s&edd  be  casscarediy  (1)  appropriate 

csr 

n£o  (Z)  tie  c*e  of  stable  ttassnetfring  aad  rtctioaj  wdUatar*, 

(31  the  use  of  2bear  gr?r.tiR:!tiqg  and  reermsj  eqcpsaeat,  (4)  the  o*e  oivaated 
ami  umrasged  sigpal  propagation  paths  having  the  gnaaimum  practicable  poate  ittcr- 
fcrocc  fading  ranges;  from  taac  c*  to  band  *5  (0.  3  to  3CW)  UHzi,  sactea:  phase  in¬ 
terference  fading  .ray  be  achieved  by  the  nee  of  the  nraiinnm  practicable  transmitting 
and  receiving  antenna  heights,  and  (5§  the  case  of  space  diversity,  time  diversity,  and 
coding. 

(c)  Wasted  signal  propagation  paths  should  be  employed  having  the  aanrgam  practi¬ 
cable  long-term  power  fading  ranges.  In  bands  S  and  9.  minimum  facing  may  be 
achieved  by  the  use  of  the  maximum  practicable  transmitting  sod  receiving  antenna 
heights. 

The  above  procedures  should  be  carried  cct  with  various  choices  cf  transmitting  ana  receiv- 
fo*  locations,  relative  transmitter  powers,  and  channel  spacing*  until  a  plan  is  developed 
which  provides  the  required  service  with  a  minimum  total  spectrum  usage.  After  the  un¬ 
wanted  signal  interference  has  been  suppressed  to  the  maximum  practicable  extent  by  the 

above  methods  so  that,  at  each  receiving  location  each  of  the  values  of  r  exceeds  the 

u 

corresponding  protection  ratio  r^(g)  for  a  sufficiently  large  percentage  of  the  time,  then 
the  following  additional  procedure*  should  be  adopted  in  order  to  essentially  eliminate  inter¬ 
ference  from  noise ; 

(d)  The  system  loss  on  each  of  the  wanted  signal  propagation  paths  should  be  mini¬ 
mized;  this  may  be  accomplished  by  (1)  the  use  of  the  highest  practicable  transmit¬ 
ting  and  receiving  antenna  heights  in  bands  P  and  9.  and  (2)  maximizing  the  path 
antenna  power  gains  for  each  of  the  *  van  ted  signal  propagation  paths.  The  path  antenna 
power  gains  of  the  wanted  signal  propagation  paths  may  be  maximized  by  using  the 
maximum  practicable  transmitting  and  receiving  antenna  gains  and  by  minimizing  the 
antenna  circuit  and  polarization  .pling  losses.  The  minimization  of  the  system 
loss  on  each  of  the  wanted  sigj  xi  propagation  paths  will  already  have  been  achieved  to 
a  large  extent  in  connection  with  procedures  (a),  (b),  and  (c)  above. 
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V.E  5e^£ettcssa^  £i«!  ^  SysMs  lor  Asaex  V 
E^ecstvc  b.  oS  a  cecfivcr  cycle*  per  secosd.  S=  t©  b  de«.ibeSs, 

(V.^  as£«V  9). 

Operating  eotst  factor  of  ttt  ^re*4eietitc*  recesticg  mfmt m  F  -  10  log  :  db. 

op  Op 

fV-Tf  we  (V  i] 

Grade  *ri  strvkc.  A  specified  grace  ©f  itrrkf  provided  by  *  givcu  ttge^i  *»!? 
gcaractee  *s  I'Ofretpcodiag  degree  oc  fidelity  of  tike  iafonratioro  delivered  e*«  tfcc  re¬ 
ceiver  ccstssit. 

Tee  maximum  value  of  the  epe rating  gain  of  a  pre-detection  receiving  system. 

C  =10  log  g  db.  {V.7J  aadCV.®). 

o  © 

The  bs^r  ly  median  operating  signal  gain  of  a  pr e-detection  receiving  system. 

G  =  10  leg  g  db,  (V.9}. 

ms  — *  .23 

Boltzmann**  constant,  k  =  1.3SD54  x  10  joolcs  per  degree.  (V.3). 

Johnson**  noise  pover  that  vroaxc  be  available  in  the  bandwidth  b  cycles  rer  sec av 

at  a  reference  absolute  temperature  T^  =  218.3?  degrees  Kelvin.  (V.7). 

The  decibel  ratio  cf  the  amplitude  of  the  constant  or  power-fading  component  of  a 

received  signal  relative  to  the  root-sum-square  value  of  the  amplitudes  cf  the 

Rayleigh  components,  figure  V.  1. 

An  arbitrary  constant  that  combines  several  parameters  in  the  systems  ecuat  ice:. 
(V.22). 

Transmission  line  and  matching  network  losses  at  the  transmitter.  (V.20j. 

Hourly  median  transmission  loss.  (V-20). 

Hourly  median  transmission  loss  not  exceeded  for  a  fraction  q  of  all  hours,  o: 
exceeded  (1-q)  of  all  hours.  (V.25J. 

Hourly  median  transmission  loss  exceeded  for  a  fraction  (.1-q)  of  all  hours  with 

a  probability  Q,  section  V.  6. 

Median  value  of  L  (q) ,  (V.  2). 

m 

Maximum  allowable  hourly  median  transmission  loss  for  a  grade  g  of  ser\*ii  e. 

( V.  27) . 

Observed  values  of  transmission  loss  not  exceeded  a  fraction  q  of  the  rc<  ording 
period,  (V.5). 

Hourly  median  transmission  loss  of  unwanted  signal  not  exceeded  for  a  fraction  q 
of  all  hours,  (V.33). 

Long-term  median  value  of  L  (q)  ,  (V.39). 
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Tristmisstos  Iocs  associated  silk  the  "’tastaataneouz"*  power  V  .  (V.4|  and 

IB 

figure  V.2- 

TraMRdisiuc  Sos*  !  sol  cirpnicd  ^  Jr  #;  itoe  q  ot  ifcc  time. 

S 

The  iriririJctilr  range*  L^(0.9)  -  L^(0. 1!  us  values  ol  Ir^asmiifiuo  loss  4*fo- 

vsatrd  ettkiSkr  •'iastaftfijiaeotts*"  power  W  .  lsjpirc  V.  Z. 

w 

Time  availability. 

Time  availability  in  climates  1  and  t,  s&tiqp  V.S. 

Sendee  probability,  discussed  in  section  V.S. 

The  probability  Q  of  obtaining  satisfactory  service  for  a  fraction  of  time  q .  figure 
V.6. 
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Service  probability  Q  expressed  in Terms  of  the  error  function  of  z  .  (V.46), 

mo 

figure  V.  5. 

Katio  of  the  hourly  median  wanted  signal  power  to  the  hourly  median  operating  noise 

power,  R  =10  log  r  db.  (V.9). 
xn  m 

A  specified  value  of  r  which  must  be  exceeded  for  at  least  a  specified  fraction 
m 

of  time  to  provide  satisfactory  service  in  the  presence  of  noise  alone,  R  = 

mr 

10  log  r  db.  (V.9). 

mr 

Ratio  of  hourly  median  wanted  to  unwanted  signal  power  available  at  the  receiver. 

R  =  10  log  r  db.  (V.  14). 
u  u 

A  specified  value  of  which  must  be  exceeded  for  at  least  a  specified  fraction 

of  time  to  provide  satisfactory  service  in  the. presence  of  a  single  unwanted  signal. 

U  =10  log  r  db.  (V.14). 
ur  ur 

r(g)  The  minimum  acceptable  signal  to  noise  ratio  which  will  provide  service  of 

a  given  grade  g  in  the  absence  of  unwanted  signals  other  than  noise.  R  (g)  = 

mr 

10  log  r  (g)  db.  (V.9)- 

xnr 


r  <g).  K  <g) 


The  protection  ratio  r  required  to  provide  a  specified  grade  of  service  g. 


K  (q) 

in 

R  (0-5) 
n» 

K  (q) 

u 

Hu<°.  5) 


I!  (g) 

uru 


V(0.  b).  <1  ) 
v 


H  (g)  -  10  log  r  (g)  db.  sections  V.4  and  V.S. 
ur  ur 

The  value  of  K  exceeded  at  least  a  fraction  q  of  the  time,  (V.24). 
in  * 

The  median  value  of  H  .  (V.29). 

tn 

A  specified  value  of  R  exceeded  at  least  attraction  q  of  the  time.  (V  36). 

The  median  value  ol  R  .  (V.  36). 

u 

The  required  ratio  R  to  provide  service  of  grade  g  for  at  least  a  fraction  q 
of  the  time.  { V .  J 5) . 

The  required  r^tio  R 


for  non-fading  wanted  and  unwanted  signals.  (V.  14). 


The  ratio  between  the  instantaneous  wanted  and  unwanted  signal  powers.  (V.  10). 

Referent  i-  .*bsol:ile  it  niper  .lure  T  -  2h**.  37  deurt  i  ■*  Kelvin.  (V  7). 

o 

A  parameter  used  it-  .uju.si  th«  predicted  refer*  im*  median  for  x.inous  t  hmatic 
regions  or  pc  riods  ol  time,  section  V.8  and  section  10.  volume  1 
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V.CO.Sud  1.  V  {0„5.d  ) 

i  e  j  e 


The  parameter  V(0.  5,  d^)  for  each  of  two  climates  represented  by 


cr  .  W 
mn  ms 


.  W 


w  .  W 
u  o 

w  .  W 

t  t 

w  .  W 
u  u 


10  log  w  dbw. 
m 


=  10  log  w  dbw, 
mn  mn 


W 


w 


the-  subscripts  i  and  j,  (V.41). 

Toe  median  wanted  signal  power  available  at  a  receiver,  W 

«V.IK 

The  median  value  of  the  total  noise  slower  is  w  watts,  W 

mn 

(V.  7)  and  (V.3) . 

Operating  threshold,  the  median  wanted  signal  power  required  for  satisfactory 

service  in  the  presence  of  noise.  W  =  10  log  w  dbw,  (V.9). 

mr  mr 

A  fixed  value  of  transmitter  output  power  w  in  watts.  W  =  10  log  w  dbw,  (V.26). 

o  o  o 

Total  radiated  power  in  watts  and  in  dbw,  section  V.6. 

Power  radiated  from  an  unwanted  or  interfering  station,  w  watts,  W  = 

u  u 

10  log  w  dbw.  (V.  3?). 
u 

Median  unwanted  signal  power  w  in  watts, 

um 

(V.  34), 


W  =  10  log  w  dbw, (V.  33)  and 
um  um 


W 


wi« 

Wft(q) 


W  (q) 

m 


W  (0.5) 
m 

W  (q) 
mo 


W  (g) 
mr 


W  (q) 
um 


W  (0.5) 
um 

W  (q) 


Unwanted  signal  power  associated  with  phase  interference  fading,  w  in  watts, 

W  =  10  log  w  dbw.  section  V.  4. 

ue  Ue 

V/anted  signal  power  associated  with  phase  interference  fading,  w  is  defined  as 

it 

the  average  power  for  a  single  cycle  of  the  radio  frequency,  W  =10  log  w  dbw, 

IT  TT 

(V.  1). 

Transmitter  output  power,  (V.20). 

Transmitter  power  that  will  provide  at  least  grade  g  service  for  a  fraction  q  of 
all  hours.  (V.25). 

The  hourly  median  wanted  signal  power  exceeded  for  a  fraction  q  of  all  hours, 
(V.24). 

Long-term  median  value  of  W  ,  (V.*2). 

m 

Observed  values  of  W  (q)  made  over  a  large  number  of  paths  which  can  be  char- 
m 

aetcrized  by  the  same  set  of  prediction  parameters,  section  V.8. 

The  operating  threshold  of  a  receiving  system,  defined  as  the  minimum  value  of 

W  required  to  provide  a  grade  of  service  g  in  the  presence  of  noise  alone,  (V.9). 
m 

The  hourly  median  unwanted  signal  power  W  expected  to  be  available  at  least 

um 

a  fraction  q  of  all  hours,  (V.  33). 

The  median  value  of  W  (q),  (V.37). 

um 


The  ’’instantaneous"  power  W  exceeded  for  a  fraction  of  time  q,  (V.6). 

TT  TT 

W  (0.1),  W  (0.9)  The  interdecile  range  W  (0.1)  -  W  (0.9)  of  the  power  W  (q)  ,  equiva- 

TT  TT  TT  IT  XT 

lent  to  the  interdecile  range  of  short  term  transmission  loss  shown  on  figure  V.  2. 

Y  A  symbol  used  to  describe  long-term  fading,  (V.  1)  and  (V.  3). 

Y  Long-term  fading  of  an  unwanted  s:gnal,  (V.  16). 
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V  Phase  interference  component  of  the  total  fading  of  an  unwanted  signal,  (V.  10). 

*i  Phase  interference  fading  component  for  a  wanted  signal,  (V.  10). 

ft 

V(t|l  Long-term  variability  Y  for  a  given  fraction  of  hourly  mtdians  q,  defined  by 

(V.4). 

*  (*».  5)  The  median  value  of  Y  ,  which  by  definition  is  sero. 

V  («|.  d  ).  Y.(q,d  )  Values  of  Y  for  climates  i  and  j,  (V.41)  and  (V. 42), 

>  *■  j  e 

^  ^  )  The  root-mean-square  value  of  the  variability  for  two  climates,  (V.42), 

\  (-0  1  ong-term  variability  in  the  presence  of  variable  external  noise,  (V.  31). 

in 

V  («)  Variability  of  the  operating  noise  factor,  F  ,  (V.31)  and  (V.  32) i 

u  op 

v  t . ( m >  Long-term  variability  of  the  wanted  to  unwanted  signal  ratio,  (V.  38)* 

Y  (q)  Long-term  variability  of  an  unwanted  signal,  (V.  39), 

Y  (<|)  The  phase  interference  fading  component  of  the  total  variability  of  an  unwanted 

tin 

signal,  section  V.4, 

Y  (q)  The  phase  interference  fading  component  of  the  total  variability  of  a  wanted  signal. 

IT 

section  V.4. 


Y..  Y  Values  of  Y  for  climates  1  and  8,  section  V, 9, 

18 

t  .  v.  ,  z  Standard  normal  deviates  defined  by  (V.  45),  (V.  52)  and  (V.  55)  > 
mo  op  uc 

/  The  decibel  ratio  of  the  long-term  fading,  Y ,’  of  a  wanted  signal  and  the  long-term 

fading,  Y^,  of  an  unwanted  signal,  (V.  16). 

7.  (q)  The  approximate  cumulative  distribution  function  of.the  variable  ratio  Z,  (V.  17). 

•i 

/  (0.  5)  Median  value  of  the  variable  ratio.  Z ,  Z  (0.  5)  *  0  . 

f\  m 

7.  The  decibel  ratio  of  the  please  interference  fading  component  Y  for  a  wanted 

TT  IT 

signal  and  the.  phase  interference  fading  component  for  an  unwanted  signal, 

<V,U). 

7.  (q,  K.  K  )  The  approximate  cumulative  distribution  function  of  Z  »  (V.  12). 

Tt  a  u  ►  TT 

n  The  normalised  correlation  or  covariance  between  path-to-path  variations  of 

'  t  u 

W  (0.5)  and  W  (0.5).  (V.54). 
m  um 

p  The  lqng- term  correlation  between  W  and  F  ,  (V.31). 

'  tn  m  op 

p  The  long-term  correlation  between  W  and  W  ,  (V.38). 

■  tu  •  m  um  ' 

The  path-to-path  variance  of  deviations  Of  observed  from  predicted  transmission  loss, 
section  V. 8. 

</(q)  The  path-to-path  variance  of  the  difference  between  observed  and  predicted  values 

of  transmission  loss  expected  for  a  fraction  q  of  all  hours. 

,r~(0.  5)  The  path-to-path  variance  of  the  difference  between  observed  and  predicted  long¬ 

term  median  values  of  transmission  loss,  (V.40)  and  the  following  paragraph. 


o'  The  variance  of  the  operating  noise  factor  F  ,  (V,  51). 

r  op 

o-  (q)  Total  variance  of  any  estimate  of  the  service  criterion  for  service  limited  only  by 

external  noise,  (V.51). 
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ToUl  variance  of  any  aatimata  of  the  atrvlca  critarion  for  aarvlca  llmltad  only  by 
intarfaranoa  from  a  ciafla  unwanted  sourca,  (V.  &4). 

Variant  %  of  tM  aatimata  U  (V,  M). 


Taking  the  myste-y  out 
of  phase  jitter  measurement 
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entirety  successfiai  m  pseSsSsag  data  carcafit  pestisemssKB. 


EttOTOa^oCTatirf  OokOks  ^fcHterd 

igggacasrgg^cssgff^^ 
fam  sro  game  jjrser  mos  act 
awig*  gsgbaess  as  fas  Samos- 
amrnkatiwtnp  fatotry  Go  faer 
gfSrrfntf  Brcajaa  6©  ~fe«jD£  aajiT 
lb  anat  CMS,  fa r  r«i£fcc  a*sz 

&-«B«eehsxs#c5KSa^ 

SbneaSn^  fase  gfcigfie  to? 
ftard  tfiaa  gmaas  jgifar  5;  iS  r&fjpi- 
tSSesffant  cm  ctriise  Dngrarcito 
*i*o^tet2B5 feaiGrsM 
i*IP*ct  <an  tetms- 

waasm.  Bp?cmd  faadt*  fasyfarmS 
mu f  irm^Tafian  Tessas  fac  toto 
try  cm  che  back  rraacbcnknis  ct 
Jifeter„  asregcafefle  ifanae^  to 
arafa  *tfhsr  gsa- 
oan^esau  aad  esen  bank  Ganto 
aMp.  SfaxBce  are  afaS  jgahsy  cn*. 
— fi  atoffiKgaa  aac  gS&B  exahtr^. 
BaA  mew  face  is  ^erera!  a$p»s- 
meet  cm  fae  '•feara*-  c£  gtosc 
ptiar- 

Tbs  tafc£itSrxxa3  AfegSaaa  c£ 
j&mt  p&er  is  ism^y  aaancxfag 
less  zaesss 
faat  sf  a  pare  trac  is  trasssas&ed 
osw  a  carest.  amd  at  is  fregaemrj 
or  ptof  saoduVted  is  tneasit, 
tbciwf^tcoewfiacyareis- 
•odated  odgaaes.  Tbs  asc^B- 
tods  of  tbse  addaadt  (cco 
puvd  to  the  received  tare)  is  a 

ELTOX  COOKSOX cUCBAZLES 
VOLKLAXD  ere,  rcxpu&zdy.  *cr- 
keUxg  service*  mexeper  cxd  vice 
preside*!,  merkefHs,  for  TeUcm- 
mriectioezs  Jexkxdcg y,  He  of 
Ssssyscle,  C&f. 


tmagmre  eff  tS*  gfcsss  gtGer  nro- 
ffKSgtflto&e^saS. 

be  arsaSe  fear  an*arfeic  fa a  acr- 
r5cr  {[Sat  Gmms>-t«iikfe«mfi  ca¬ 
use  fas  genKsas  cs  gnm&egMns 
im  faeae  ef  mo  crnmnsaoeHi  wax 
fa  fefaspmife  dc»*e n  *1^3? 
■rxremiVSrin  argffl5!33^zcrvto 
Safaim  sitiffiitmfo.  A  nutra  <nrrox®- 

gri^rg-  utKaiOglR:  is 

fag&  far  agy  <g~c irfeernoe  fa  fas 
g>erfm<5ts!ij7  eff  fae  rstosi  ato 
aai  as  famatefi  fa  Fqpssi- 
Bacaing  gga^caamg  <fteiap- 
conn  ns  fas  acimcjrf  Safacrngne 
msieS  fa  snofams  gffase  jpGSgr 
nneasirfaj'  fafoganaaefa.  fas  Scots 


SSr£3£IC£»31iIi-; 


®  onv  tc«£  tfr>  efie- 
acriBm  aogr  nnwantififi  «araC rams 
5m  tfas  acm  csMSqps  rf  t5»a- 
<rs^^£^xaLSinie<&biiuu5eiM> 
aQgp  forik  Sar  aegp  caMfut^tfee 
ae^csssms  taennigue  mbps 
5r«e  a  ataq^GfagacKaB  Gat  ttt> 
5^^  amB  igggasg  gsaar  ^t- 
ucr.  ITnfactinateh^  at  caffe  qpttfe 
fast  ^ngfls.  T©  amteKiKisfi 
2l  cs  cofic£xS  c©  esantnuc  Soane  eff 
fae  farftgrs  fasft  aSSeat  asm 
«rTMaqp^~amfi  sons  $£  fae  Jk- 
Gocsfa^t&nffe. 


^Smem  a  earner  ns  anwnatfcfl 
ay  a  seocm^  fane  5odaxoms  jra 
^gyrriri^aafae<Dig^^ 


ajsMtjnnsa 


EIG*  l  Piece  filler  test  cels  ne  npcl  ccnxrcxris^t  detect as*  Go  rvtcrrrr 
filler. 
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<£K2>  Z82HL 

ev  jNt<d  mi  mi*  ttttr  mini  dart¬ 

ing?  fiscrgucmi^  'SHir  it£U*tfS  «ff 
« in  tStfgiWflWNQr 
XWKK'X&C  ’ttfffluD  (teKSAtt?  pitt* 
xuMimtM  <ft<p«$iitt«t<tm  dht*  mtud* 
afkdiiiti  ptKeam*  H^usr  2  attuuv* 
t#**  ««hir  rtiagsami  ffur  ampftt- 
Ctuir  rniwfiifrdmn  TT:*e  apprrr  anifi 
DiWMrtT^fitflamti  tnCin- 

my:  aywteinuuwtty  mi  aypivnt^ 
(ftxstscam*  acnumfi  dhe  cggrutg 
watUir  (ca*5in*h  ns  tGttttff  oMUdniot 
HB»r  wcHiIdinC  /iff  t3e  caw>  Jtifir- 
tanfi  wtsaicm  on  afiaag*  an  pRm* 
<nr  ffcWD*  /me  aff  gfhtae  aufe  the 
anrier  wstrttr  IHtuifi.  the  ««m- 
gwaik*  aswpfi&wfir  carrier, 

ton  ms  pfcw  ns  cmC  afiSMefi  tty 
the  afiSiSurik.  fie  afeui  msfe. 
fie  pKrmrfTisfcT  <rfr  the  ggerjcfla 
Me  gyqwmgy  a*  anaffiarrtefl — 
Mi  nro  pibMe  jTdtrr  ne  p*m*ue«iL 
£&sb main  Fqgn»2L  the /taae 
«ff  *m5e  aMfifetfea  at  sraftec 
«a«pc  thaff  t&e  cnuihsnl  /iff  the 
hfefemfi  assns  m  m &mjs>  SK r 
<Mfl  /iff  ptuMe  the  cm rraw 

wdfcnr-  ff3r<r  agr  <sfCT~*fi«lqy  anfbr 
finrUirff^r  Sear  tte- 

MMr  the  tmftfitife&mi  oafac  mi  a 
jptter  atSbsffimi  ns  oauaftbr  flwrjl 
Siatr  tQeriifraamfl  isesiihartl  foqt 
Jg  amy  maCgitL  JWBMJitef  «twy 
fee  /fit taefi  ffia*.  tfir  peek  pteae 
gegggmcs  /•eotr  mace  the  t**i> 
»Sfie5amfisj»(&«5^ 

fiff  5*  the  mwaimati  jrh— r 
oaraxrsaroi  off  t£hr  cwcywaSg  s%- 
mlthestgm^aagSesth^^ 

«*3e  2»  afi  fee  mntfjflai- 
ssff  fergnengr..  1%m  £9  n  a 

flWi - r  j — ^  *  jHnnr 

iS^ex..  xmd  2s**  os  fee  ywlr^w 
pefe&tafljtacr. 

T&e  ja*3e  depeafis  /mffy  «m 
fee  rrJefew-  «ff  fee 

cKrrier  and  fils  sofifewris  and  as 
ggfiepepfiegff  «ff  fee  ggbUet 

^aendes  <ff  tte  ctnxr  anfi  aMe^ 

• —  *- 
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K^Bc^o«ttiatwi6e»^  eff  a 
aadebsad  pair.  »e  axe 
»TlJb  a  KcajJe  icier  teem 

The  '»«lor  of  tin  iaterfesary 
tone  sxtaies  arora^  *x#  earner 
•mSor  at  a  ia>  that  is  e^aaJ  to 
tii?  oiffereace  ia  tl>«r  freowsv- 


mJifc>in8iiBaMfc4tlr 
onmpNtttie  atWaytf  fi«w 

Mule*  « cte  cdrtffk. 

0®  ortbwr  Mnik.  fialfli  Ctbr  piinr 
Mi  Mr  ««M  off  tto  timd 
var^T^moiKffc^^ 
aqiiigqg  ^Mfc  imfir  t— <i(k<Cwn 
arafl  ■WTjiittMfif  nmtiifbtfruri 

Off  «tm  n—Tff  the  Mdecaefi 

aqfwfl  M  bbm  the  aawiCUftie 
rsMMtefin.  mc  tMbretlieckrfie 

Me  Bus  ten  ^gfagfiaafly 
gggitamcmt^firdtfcatkBMtt  wlir- 
BMifcaarih  Swamp  n  MBfitmfit 
thM  off  the  mtksStsfiv 
OMC  a»&»  MBfStK.  IfSuMi.  the 
GMpMte  finml  m  aaeats  mi 
the  mc  Mgr  m  (he  Caw  «je  ♦ 
fiami  cae  Am  on  Wugmc  X 
TUrpiMr  mw  Ktaraflet&ias 


Mi  the  3R- 


Jf  fa  /CKpiiasffr 

^  <»iirc<xCcfis:p 

**£*hz*&  'XXCSJtex  t*  <g?iryyy  a  pfccftT 
^  pfcar  »rsfi  ccrrirr 

r*ct+T  TJLts  cjcxs'x  cae p2ifxff^ 
iri  *9  5*a*r  ciexpr. 


Su*  «MtUikuw>  ffrtmiwy  mv- 
Bufl  JlW  flWMIW  CUTr 
«0*oC-  jSSw?  t8n*  ca«T- 

ej»HMto<«Wirifasiae  ttMSe  QdMr 
MiMiMitfA  M  dhu  ae»ckifey 

MaipftMem*waiIk^ailcma 

^^M|imlUiie^chea«)|Sr^ 

gtrufiMnwfi  tty  ai  siitttfianitt  0j*tir  a« 
tty  m  aaoni i  sijmafl  •&p«cs(&  am 
the  xfetttftcje  matfnthuies  /iff  the 
a^csijr  A,  amtt  Cie  miMtUfkfejir 
•Matt  A—  Kjrim*  *«  than 

JL. 

ffbc  eaamofic  -oppm^aoi  rrnkr- 
Qwie  os  2D  (ffi  Bitttiw  the 

OK2»  Shoe  this  cs  a 

whiM  aduiv  mm  ^HUi  amfl 

•3^**»y* -  fin  p«ai2^»gRa&.  qbsme 

ttewS  tataMQ  tSecaesaeramfithe 
atQtgfemng  ame  gap  3e  aflafig, 

Mtt  WBBu  A  ^ 

fewer  mi  ficp£l  pm^boas  yfr 
*»»b*  iiacr  off  fiff  the  mv- 
ttefea*  CMt  «  <unbr  fit>  (S& 

hMm.  fee  paft^apfes:  ^t5er  is 
Z&%\ 

*13us  **Caw>SMcr  pesra6i)| 
MaSaofeaa  &m  feed  Maqtefl  fin 


M  a  (aEoebsc  fed  ffm  gibae 
^53cr  Qmc  mEs.  S*oe  &  as  mur- 
«aHy  prsfitcaucn  vice  Cae  sapo 
CntM  a?ya?ar^fi  5 y  2D  BSufi' 

Steal  ^icr  sa* 
ewe  fip  Be  4tf  a 

**^w/dmaCjir’  an  the  caHbzacaim 
/iff ^C5er  Cas3  aex 

Bflt  esaiSjh:  the  same  ^3cr 
raefearcan  Ee  gxndstsefi  sw  s-jw* 

flw  fee  csxder  aa&  tBr  poi 
Safecagae  aomaOhr 
aaeff  vsk  zsmsejg&gr  Sod  j«x  twe 
C«ms  afi  —26  £S  C  *$*feer  fee?* 
*»  aa»iMK«sa»s^  adfie- 
iaadpasreer  asr  amrdaaed)  pm- 
Gxt  fee  Mine  _^Ster  gga^xy 
as»jEi«3etoaeal  -2DcE.Tfeas. 
feis  ferer-teie  arra3aipesafait 
sdzo&tes  fee  satofeiiiy  cffesl 
of  a  pair  of  jperndue  j^^rDod- 
c fetam  jradjisads  2€  dB  bdw 
fee  timer. 

As  cacrr  taaes  ane  adfioi  fee 
s^catna  rayodly  imsaes  raare 
coes^iex.  Eadb  tooe  aids  cot  coir 
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wife  te  mTQtmMm Mfer  m&- 
teeifo  tte  ate!  ateaanS 
orafletei  mm  tte  &j*  tee  fte- 
ffwnrr- 1&»  nte.  taft  te 
it  uTinmmni.  r nr  ir"TfirHi  nlT inner 
msi  atear  jateteewoe  ante*  jit- 

tier  a lEte  jitter  te 

tel  cs  maQ&&&2  ami 6*e  te 

Mad  «  ck&  »tt  «f  te  tet. 
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WC.  $B  5*3^^  -or  tc  ess  brsz^  dtrl&rtm.  pretzels 

«&m£ar  safe  ?Lc*t 


Ttr  iuntte  ten  aaidh 
fitm  jqteer  tees  ms*  oerzr 
Pdf  rrifrir  Hawwsr,  ten 
srrteaos  te  raft  escape  fine  pt- 
Cer  gggcfagaL  Pfctse  jpfiftr  ns  T- 
ccrig  is  cmad  foy  factes  fiat 
t!f  teyse  So  £jgte3  sijtaML 
Ds£^tei3iT<>mQte 
alias  frexn  snrnl  same,  is* 
cJodztC  fie  Miaygrag  ywcae 
ergsparyfor  isistiaofc- 
z*£.  and  figffipg  jitter.  With  fie 
exception  cf  tihyrag  jitter.  aS  of 
these  aeczroes  ooelr£brste  to  wh®i 
is  sanefim  caSed  ooate 
peacer  du2Mos.  As  a  ranJt  of 
fie  HByfepg  process,  m  exabi- 
ration  with  hanaocac  geaeca- 
tkxa.  certain  cutortica  prodods 
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tifaC  wmiuti  aucmulif  &U  oufl  off 

tCfcr  uanot  band!  ~£bfttWti  au«r.T 
«r  st£kc&<£  Bad*  m^anifl  VffBifte 
t&*»e  grrwfunti*  wesamEflr  sumac. 
tSi^aarrmCcwduijn. 

A  sm»Ql  dtangff  ini  the  &<*£ 
^■aasy  a*D  mAt  £  aufoenmCaE 
dbwpeantft*mu£ftii$p<ttl  c5*e<&s- 
ttwgtfmp  agagEsaim 
Ifharr  egriarf  T-camirHsr  spigtrai 
oem^  drfifeeat:  ties:  fcagummies 
SjpWVifl  aaaCjsa*  tmEhaticr  t5aC 
at  jwsnr  tiett  ffsajnmncues  dhese 
fcfiii  ~1rin  pi  min  nirifl  jn  m i fi 
t&am^nan  t£be  tflF  gyeggsam 
ffl%irr  <&UL  *&nle  *c  nth*rr  t&ssc 
fiagsaow  Che  rffetartSTm  jjraiS- 
«2s  temmcye  <nr  jjuie  am  a£t  <&- 
ceese-  jj*urC*  feriuynwun  the  hes£ 
^Fq^irw  Gb  artrfi  fur  sfcrur  Che  r^- 
ao&a  off  charging;  Che  nett  ffr^- 
yr.nrr gy TOP  g~j  BxctfbetaCifl 
f£«r  no  Che  (aifutctStm  jpswmccs 
8VRUUK  CHIHdil  it,  ISWfc'rfitT.ifSr.. 

Wumt  <£a£n eCSi©  jn*oin£s  caoar 
gfeaac  j»3S3fir  C2  mmch  tS»  amm 
wmgfm  wtKae&um. 

taiHfce  j&ast  jjfcer  ifesshjttfi 
«a  lSragncuiy  drxiikiitxs  itmfrfgua^ 
Am  T-ocrraer  jp^er  a>  ffr^gnentx 
ikepesuStstL  gtapyhy:  su  bcffh 
TtnagTrfrqifle  ag*d  agiesCcal  <ga&rimp- 
fcmu  as  a  ffanccnra  *ff  Che  Des:  Che- 
tynemy,  Bwsaer..  ft  as  srntkpem- 
<tem  tfff  tS*  De*C  Dane  5es>s3  be¬ 
cause  Che  cftsSccCsuc  pno&Kts 
*aaay  dir«2ih’  «rj£3a  egg  Done  fsr 
a  cprtffTATfi  K^ad-DP-crahe  satin. 

CareM  eyrapsxgg  aS^prmgci 
eta  redone  fie  dsCitctata  pend- 
GKtK.  and  fecnoe  fie  phase  jgfler» 
eaaT-camer  system.  Bsa^cea- 
taasy  mccse  cgsottt  be  cuxmnst- 
ed.  it  arises  because  fie  cctst 
a^jciba  «jcs5e«  and  transmits  a 
ara3  raxge  eff  lereis  as  &  sozg^e 
dm^SwdTins.  tbeteod^ 
lated  ac jnal  has  skjdzl  caoccrs* 
dtt  that  appear  as  awse  The 
result  is  a  pba^e  jitter  "f&or* 
«hkh  is  irteesl  in  PCM  srs- 
tesa  desi^ii-  This  floor  b  lower 
fer  a  02  cfcacaei  hank  it  is 
for  a  D1  bask  because  tie  02 
uses  a  smaller  quuatmcs  nacre- 
cent. 


WC.  SC  SAr  Fop.  -*&  «m  pope  SSL  fcs  a!Ih^?i^bpc  dkn r»  rAr  rwaC^ 
off  cktm&^t^C^grmjpirmrB&BMB&L 


Tnnnr^  anus»  ot  £Sr 

POC  tr^^ieOjpeff  &De  wieu  tbe 
r^gagaCaag  c^exc^rs  rnCr/vifnne 
Kryht  Camay:  esr<nrs  on  tie  juisr 

TSuai.  wfeuD  tie  cesK^rar^  C-er- 
atnia3  ^rnm^C^rturls  Cie  P03  spf- 
aa3  Do  ffitnrn  jirSsc-aocji&aiffe 
a»«S2^2sifi«uL  fattae  cmw^rCfea 
yaiise-jiusaSarTO  naodiitotui  ss  s£s» 
gccagnL  Smoe  Cie  Came  ca^fiatse- 
saeat  eff  ^ese  ?«&«*  as  tie  so? 
^ec*  aanr  kjiuu  foeyagsty,  a 
caspSanrastfl  hasaj^neascrcfffesl 
wo  tie  sbwDw  peraod  eff  a 
S2^er>fgi£go»tnry  sagnal  Tea a. 
lie  |5tc-rr  cameffl  br  trnnny 
Jister  as  cxnecSjhr  ptncycctaccal  Co 
sj^frey^arr. 

l^gggasareacfl  tedbo^aes 

Ss»oe  a  pease  tiUer  meassne- 
casal  is  srmp2j  ap  eraminataco  of 
zero  croswnj:  sarialiecs.  and 
there  are  so  taany  factoid  that 
can  cause  these  ramlioo^  the 
piadxal  pr-obleza  xs  to  derelop  a 
useful  measuresaesat  technique. 
Unless  such  a  tedinigue  provide* 
at  least  a  due  to  the  jitter 


saiszat.  3t  cammtl  fe  o«y  naarffn^ 

Aa  an ^rCjac  ghagartteagar 
gennuts  <ui>e  s^je  <sff  jfefcr 
Cjobe<mst2^c2^Hd  ffpmnacmcher 
8?yir  b  cie  fc^gneurr  fetriEm- 
Dna'-  «tf  Che  ^SCftr  eJtmg*tincil5Ju 
CS>e  erardibttiuO  Sum* 
caio^toiax.  ornsf^  bpr  po»Bi 
xupgi?*  czygEe.  nnasirr  ahears  je^- 
cuoes  ^ghDer  c«i^m:>gntrchEl  £kS 
^5  mj  3£ — Hz  eff  Che  CesC 

Utue  fragntmnr,  Bj  *tu rcaasa^  Che 
cchnr  snicnes  we  care 

OfaCaHaed  janudme  ©a mpeacDezCs 
fiat  are  £kesr  to  be  otfracsej 
acnoss  the  esnezs 1  banav^dlh. 
Tcusl  «Snaz3e  chaes  to  the  ji^er 
sacra  can  be  ctL&soaed  br 
brth  band-Hmited  (or  -’3eS- 
sCaadand-?  soe&saresaent  and 
wideband  zneasurezaent.  and 
cccapzrzsa  and  an&lj'Zmg  their 
jusnlantaee  or  differences. 

Bandfcnited  xneasaremeata 
shooldL  of  course,  be  snade^ -ritha 
jitter  set  that  has  the  standard 
xneasnresneat  characteristics  de¬ 
scribed  earlier.  For  ccsnpanscsL 
au  osaikccope  met'  xi  responds 
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*0CL  1  ICam&Btamm  »(!  mmr*Tjn£  g&tn**  nCBr*  nxmtji  8*m61BmzGa£  am£  mi <r- 
Aaidf  n**a  m*£> c*  /Kifii:  2aCi  a*r  1  fiJfc  zx-mnip  uiwz  <xm£  «  «ctm£  Gtmr  «C- 
ammCM & 62 m%& Cmmd! g*mt  s  SMz  a»£ aBfc.  Egfa&ar  m»£ipto**m  fz*- 

Gur*zxr» sAtuemxxsr  tSem  fcespmemrfr  &4fU~r. rem% brtUrma  t&r  gry  fomat  M*Su- 
fkGtm  famg#mcm*mBmat  S  2Mzpec*&c*  am  rrdm mmttm off  tfktr  wuMnpj g/kmatj. 
tt-7  ' — nrlnTir  rr  Hfr  Vrr— ■ 


a^aafl  rniiinrs  ftp  gin*  Cw>  mhi 

pmeae  Am  a*  tft*  Maftr  ca&- 

mg$B~ 

As  a  <AwMr  dfaasfl^  float 
lnrM!M£Brumi«&Qr 
tflwftaaifl  linfmifi  jagcrgawJBiy  it 
flftttCMrfl  Eff  t£be  sauuor  ii  hmm 
amAdteteu  tte  jGaer  aaa£*c 
jAmU  shud  eaertSJjy  mm- 

TO*  aane*  liifM*  tSc  ■iie- 

"acadfi.  qggnBrAfrawfcftmafl  tafiM. 


Ef  bmtm  mmUk caws  tit 
t&e  pnaAfienu  tChe  jjriT-ir 
ftg&y  tfbe  cannier 
TOmflflicaaagggL  The 
Ihrawpapcrf  geaftagawat 


nC  ^  ^ «^a#iwai  »/  temmxUrd  jitter  cx 

Mradrs  «  fir  |?Mtt  «/  IKx 


vitti 


to  aar  fre7B»Qr  coo^xaccts 
pwsrn.  and  tteitfore  is  a  wide- 

the  asdtk&cqpe  method  is  tope- 
what  cumbersome,  and  it  lacks 
pncdsioa. 

For  this  reason  the  technique? 
presented  here  are  based  on  tbr 
use  of  a  test  set  which  incorpo¬ 
rate*  both  hand -limited  and 
wideband  operating  modes,  such 


as  Che  IT!  1200  Phase  Jitter 
Tnt  Set.  manufactured  by  Tds» 
communications  Technology, 
lac,  of  Sunnyvale,  CahL 
Figure  7  shows  a  comparison 
of  tie  frequency  response  of 
these  two  operating  modes.  It  is 
apparent  that  hum  modulation 
jitter  component*  falling  in  the 
20 — 300  Hz  band  will  give  the 
same  reading  in  either  mode. 


Qua  case,  she  patter 
aajy  aeanahr  mit& 
tks^esacSssdL 
Xwrawwe  fil 
Wao£e&-wmG&mm £ 
uwus  a 
xjflfhand 

e*2*»  the  gemmate  rf 
fge^aeg^CTafaaa^ 

330  Hz  wax  fsaae  fl 

*S*xx- 

Sflhr  rtq^ber  nce!j  : 

Shat  the  iwf  nrmrrf  at  i 
apajgfiaeagalBgtfleri 
tfccf  can  ihcm  he 
aerws  the  recessed  1 
and  that  the  yga—ay 
adE  OHMeatnSci  is  tike  2*- 
Hzfaaad. 

If  a  cmmmsmm  af  Ike 


Ml  f»|Kr»  a  xbici.  c  irfrrfp  ia 
tUrf  to  fix  Phase  JHUr  Tmt  Set  rm- 
ealtr  is  e  mUebemd  jitter  rmedmeg  ep~ 
yiTfif>?y  fsvi  tic  kWfaifir1 
emismg.  The  effective  bemdiridih.  re- 
r  timed  in  tU  rxfrkW  reeding  as 
sbsl  /e*r  ttm.es  that  ef  the  bend- 
foefid  reeding.  e*<?  jif  prmdncee  feme 
timer  the  waut  pevntr.  This  is  m  t~dB 
txenue  5««  fl«  rrxlnt*nf  r*- 
epoxdt  ms  c  irclhtr  then  pet o- 

rr/  bc*is.  tf  eeet  the  t-dB  inermese  ee 
a  t:l  changers  pkeee  jitter . 


©E?  JS2-E 


to  <<u>Ca^giniftrntf  tSte  cfisrSmmc 
Cyp«»  atf  nnu*e  5*  to  u»c^r  CH**  ttasc 
dan*  Bw*fl  wtftflk  aft*trum^  cS* 
audi 

HI  tie  $&3r  CTrarfmy  aftmas  as 
tnuasrwe  Ehwnr  tnt£UeaittH&up  to  t3* 

Gaft  tom  to*Jt  ^<e  caua*  ns  jjkku- 
afi&je  sq^u^kuxocr^kCksii  jfitfc 
«5*mut58  nnw.  Eiwtsmic  tie 
Gat  tone  Qra*fl  rafuroc*  t5*e  sqp- 
mdk&HMfe  eaCap  am£  irn^t«rr 
t&e  Jester  BBn&tf  na  anOTcdknr® 

nju*c  «ff  miune  r«t^>irai*e  ns  &fljurai! 
#td*  fewga««y-<fitti&Hm  irmfbyflra 
*ptiam* UKfc«Lr€*nme5u 

Ef  rfte  sro&fesd  j5cggr  r«a£rrjp 
cs«nacm£  OTncsrtt  <nr  cf  &  weie s 
«nwr  sC5s^£!hr  *r£3i  ccK^est  na  tosC. 
totue  &e3*&  tie  naxzwjc  ®  athwai 
oestorrugr  aamsaztefi  *xr£&  3%raS- 
cKiT^b^ted  mref* — muis*  t5a&  ns 
*eD«a£«€  «n%  ox  tie  §r«^mne  ctf 
asqrxaSL  Sqfaa^Uinnr^toS  om^e 
octets.  ^eaL*^fc<^T-^23TOfir 
fsgiBjraKafi*  after*  cd  ns  t&e  pee- 
diracxaafl  mrese  jpeuwatofi  %*  tie 
dtoasmL  A  entottfl  teStsft  ©rasas 

raer..  a  obkslS.  <«f  cKcnpaomr 
a^firasitBL 

Srane  tie  iwagTnfrpfe  ctf  tie 
ircgiid<iunr^^  ffwcftc*  ns  a  ferar- 
taCQ  *tf  tie  53jjcna3  Sea^i  Sic  $5#- 
ra»!ki5MUccsc  ta2a»  raracss  esseo- 
toSy  ©ocsta**  csifta  tie  test,  tone 
5rv«s  ts  ranei  Tte,  tie  jitter 
iwk£o*  typically  ^tws  HttSe 
dasfe  for  a  tsi^  satia^co  in 
teat  toot  le*dL 


Fair  ttaamote.  &  5s  gmmfle  to 
uacy  t&r  Cad  tome  !ku*£  m  mutefa 
ass  2)1)  d2l  am  m  T-acrmur  eSm n»fl 
uxitlimiC  aSunjjjnur  tSn*  dgm&to- 
nnusr  cscud  mnme  tSrsu  1  <HL 
t3iw  Ctesd  Came  feutfl  &y  HD 
rfSS  am  am  y-icunnktr  <rft*ux*fl 
mqpitt  r<tufc  rm  at  awEfc  afow*se  5® 
^^auiUvxHniuj*  caefm.  Warn  m- 
caasuwe  a^pail<n»innt!to«fi  mim«  ns 
afietCnfe?^  tSe^amCami  ns  cenrfifl 
ailyTmacC.  off  tS^e  caggner  findSdy, 
A  wnMacnd  <gaw  nntttRixn&> 
rnaad  r&$*imfx  to  un«a  nn^  amfi 
<fiatorca»m  prmtet^.  Eml  ns  mrtt<fii- 
racCy  aSeOrS  &gr  feasamonr  <^s- 
cactSa«i — ftacacse  pege  Smnnmfcs 
asne  ayngtmftrcafifi  «raCi  t&c  Cafe 
some  togifkrranca'?!  ©p  raid  <fo- 

Cagfe  st&s  aenp  graaaFrhyfu  E3fwr«wer 
sic  «Q*isE3^  nriftaorwinm  ^jpes 
cmnhrie  yggmfej  edasceg  df  5acr- 
snraau  F©r^grrgtie-a  6*nm*rnr 
rrranr  gCeragg  m£&  a  STOMSr 
©i2-<c^&£m3  fettgTpannr 

cxd  a  frte^Denry  &nsa®m  esmer 
gaamnd  to  iprwsaDe  a  1A~B  cn- 
feline  E2£erzra»Qi5s35sin  praomfi 
wimrjh  c«m!i&Dues  to  tie  «56e- 
0*2*3  isttor  r!3ieaK2r«2D5Jra.  Like- 
wi&e,  plDw  jrfcsrr&sxar  f?«ca  “'octn- 
^*2S-s«ar»ier  «5s2cctaMn^  penerrades 
as  ESOiect  CCS  JpWiSStiw  Z2&&- 
£knc»f  tie  rcSglme  casysatofe  <pf 
SaarasKc  dsstocrS&co  era  T-carrier 
fadStaes, 


Tie  fsttre  o£  fitter  oiea$arweats 

la  this  dasecsssoo  we  bare 
arraded  airy  aiteaapt  to  rebate 


pftwe  JjeSter  ncaifiaflBs  to  aywaSc 
(drta  «rrwr  cadR.  ITmfimiaftiy.  jud- 
tor  ns  m  flwfmr  fisstor  os  <&es  tsr- 
cwsl  9im  &  ns  not  Bd 

ns  diwtBy  intJatofi  to  otftar  C?p«a 
aff  Gaawrawufm  aggafeaneito. 
ffggtfegigwpte,  tSbe  matiiTutimp 
Gms5mi®m  mail  rm  a  gaeCanrikr 
mmfam  ftw  a  jpnt  <£t»S  to  dk> 
«rae&  fcs  tokeamne  to  Joer^  micse 
amidi^nsi^Knwettis. 

'SB*  n&aS  ccaxacSiro  vmaM  Br 

to  Sarwe  a  “Qjar*  aff  mwr- 

3T*  wiinr&  wwiiM  Cafe  mto  ar- 
ornmft  affl  t5Tj«  off  <&tonta«ns  to 
gaeaSnft  cfe  tensmr  nafic  ad  a  jcraws 
fra^imfeatm  rato  am  a  gyenigar 
catcac^nni^L.  A  rtcmberod'iCiir&es 
a®  wtrmnns  pasto  off  tie  no&afiay 
are  rotnoeitoasihg;  am  fenfiaa 
ties  rmqcar  ifttramSsu  VoSe  fia  ta* 
skc  few*  fiuni.  St  as  agyer- 
«t  ciai  aaim  a  fenaaSa  coanttt 
rest  am  t£be  rmftasms«s«srS.  off  a 
^jpie  pagacTwCer. 

Sntc  a  'arafie  betd  .ptcer  am- 
ssrnera«m  m^tmds  to  a  radrfy 
rf  c^fbfto  soti  as 
©S  odijeaod  sia^^w^aenr^  wr- 
torfer^nt^.  it  is  a 
dtie  for  tie  raie. 

25zt  n^ar^essof  wiriier  it  Le* 
cctaes  the  anoesjCad  cafiEK2i«=aoBt 
sa  tfesl  5ec»^  c©E3pari3W2s 
b*adfea§te3  aid  aide  band  jit¬ 
ter  ai33  cocAioce  to  patdde  isaa- 
portast  does  in  tracking  dmra 
toe  specific  sources  of  phase 
jitter.  D 
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Haw  sunuliMi  maw 
t  UnudfcftmovMinflMrvee 
*mtm^*md*w*\ivmdbnmgmaoe 

Thm  tmoam  te  trtr  jjnsmnMV  «L  <* 

flWHt  t*«B  {}K«V  0f»  CJUflfS  «TQT5 

fe  **h  WB0  dtaft  ttMewmieam.  *H* 
«■»  tor  aUl  m*  dkr  iwuerp  to—  thwm 
Art  0taK  0«sa  ana  an  m  *fex> 
os  amer  CTmqwMW  *m> 
wife  M  amlO^  tttec  Ube 
iiteltoiiMraMtfa 

iflvi 


HMSEjmetBASiCS 


aril  Mi  ««d  #«  acnv  to 

eBodkdeaeeg  ftaQMacy.  The  «#- 

Mi  iicio  fcnwn 

mi  a#  barfs  and  die  earner  •  a 

MMt  erf  pkat  mar.  Thu*.  ibe  idler 

coM  be  mautd,  tor  f  lapli,  mi  dl 
eteS/N  ratio. 

HoaeMf.  it  is  a  oatoocM  process 
to  use  a  frequency -selective  vohmtttr 
or  ftnbr  instrument  to  measure  the 
side  bends  and  then  to  compare  their 
amplitude  with  that  of  the  carrier. 
Fuihexmore.  the  side  bends  measured 
by  such  a  process  might  weM  be 
amplitude-modulation  side  bends, 
which  produce  no  phase  jitter.  There¬ 
fore.  thrj  method  is  rarely  used.  In¬ 
stead.  we  choose  to  measure  the  ef¬ 
fects  of  the  side  bands  on  the  carrier. 

Figure  1  shows  the  standard  vector 
diagrams  for  both  amplitude  and  angle 
modulation  of  a  reference  srgnal.  In 
each  case  the  two  side  bands  route 
synchronously  m  opposite  directions 
around  ihe  reference  vector  The  resul¬ 
tant  of  the  two  amplitude  modulation 
ude  band  vectors  is  either  »n  phase  or 
180*  out  of  phase  with  the  reference 


Figure  1A.  In  amplitude  modulation 
the  resultant  of  contra-roUDng  aide 
band  vectors  is  always  in  pham  m 
180°  out  of  phase  with  carrier  vaemr. 
This  causes  amplitude  changes ,  besom 
phase  change. 


Figure  18.  8m  J  tool  of  contra-rou¬ 
sing  sideband  vatcon  in  angle  modula¬ 
tion  is  always  90*  out  of  phase  with 
earner  vector.  This  causes  phase 
changes,  but  does  not  cause  a  change 
in  amplitude. 
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Figure  Z  tneerfering  teas  vector  Am 
creeses  res&tml  (doited  ante)  vebkh 
represents  both  ensptruxfe  end  ecvfe 
modoteuon  of  carrier  vector  4r 
2&S  h  peskto-pak  phese  oner, 

combined  effects  of  p base  litter,  noise, 
and  single-frequency  interference  «*  of 
bttle  v^lue  m  locating  the  source  of 
the  problem.  All  of  these  effects  have 
different  causes.  A  composite  measure* 
mem  will  simply  indicate  that  there  is 
•  problem  without  identifying  the 
cause. 

CAUSES  OF  PHASE  JITTER 
Most  of  the  early  problems  attributed 
to  phase  jitter  followed  the  introduc¬ 
tion  of  high  speed  data  modems,  and 
were  associated  with  frequency-divi 
sion  multiplex  systems-primarily 
L-carrier.  Here  it  was  found  that  the 
Jitter  was  caused  mainly  by  power 
supply  ripple  modulating  the  master 
carrier  frequency  generator. 

As  the  frequencies  were  multiplied  up 
in  tha  carrier  modulation  scheme,  the 


—prihnrtr  off  dtm  "Emm mmCuOehmef* 
jam  afcxzxaS  a*  (tract  piautfi^cm  pp 
dhr  fetuanry  mutopliandm.  Die  at- 
aafeavc  uCacr  off  eaCto  earner  mm  urn- 
i must  so  attt  afifcmd 1  by  dtan 

owet  D*ua.  *grate  oonrarfetef!  mu 
dtomaffc  &ts  the  fti^tau  supwtytsupB 
dtaeotdeL 

WwyiJfUtr  cfl  dte  peats  graynTtudr, 
bwr  .1  er,  tttar  peter  feymmey  awwrtl 
emryarrr  arrrf  nrrdkgentierc  <rf  fltee  mfler- 
an  sugrafl  Ami  the  ycaer 

•agncufle  «*as  rftdfepemSmo  <rf  tde 
mteteax  »gcafl  fewefi.  “fffte  paor  fee* 
qwwacy  was  tffce  sane  as  the  mwdp- 
SWbrj  feesasary-on  t&s  eve  the 
MHz  jpswcr-Rne  feeqgteicy  and  cs 
faa  seaecafl  fam  *iug&.  Awctftar  caan- 
uno  jjew  soasse  was  faced  to  be 
MHz  r«i5«3  aed  iss  fas  several 
hmeso.  T&cs..  tfce  £ssnr  feara  Aese 
aao  sources  was  ceaccrcraatd  ow  dbe 
band  firosa  20  Hz  fo 300 He. 

Since  e3«Nr^recogiK»itf^ia99td» 
ccaCrix^cs  to  petter  readings.  st  aeew- 
cd  des asdbfie  to  res^id  ^xr  Qeaanre- 
— ces  to  dbe  band  of  bacmt  bo  order 
bd  fiter  ocss  erase  CBKfibaSom  from 
derestofttespeclML 

Ites  reasoning  led  to  tfoerrTdiiiib— t 
d  the  “Eea  S^ndaiT  yts»  measure* 
■eat  Input  fitoerinf  (300  Hz— 1000 
Hz)  tenets  the  spectrum  to  be  tested  to 
approximately  700  Hz  each  side  if  the 
desagaaged  standard  1020  Hz  rtfcnancc 
siyr-ai  frequency.  Entering  the  output 
of  the  phase  detector  restricts  the 
Measurement  range  to  jitter  compo¬ 
nents  within  1  (20-300  Hz)  of  the 
reference,  frequency,  as  shown  in 
Figure  3. 


Dfuc  the  cAWafue 
pdaee  paw  meawinrmcn*  c  < 
irworiiy  ameftauntti  the  ttttaC  i 
wntmu  camtmdt  am  the  i 
qwemiy.  Dhs  ardUar*.  ftuc 
efanane.  the  efites  <s€  ttene  ad 
cat®*  tscaeribnssue  am  the  pater  mew 
auterwmt  Die  jfeter  w-a  sea  ns  **» 
esmgfletteijr  semt&e  as  riflwm 
camporoercs  vwdfcm  ta*  2MM  Hz 
band  am  earth  sdr  off  ttte  rdfaamoe 
ayafl. 


Aftftcojfe  ffitaae  goer  fa  been  ad 
granary  earnests  as  fcuj^speed  date 
trarawnasem^  eatttentfi  tew  fetqwwwty 
0ffiter  fa  aecesdfy  bigpm  t©  caw 
p— tfiene  mists  some  spaodcaed  do 
modems.  JEsag  as  tfte  fcwwnepcygawge 
farm  5  to  23  Hz  rs  bacawiej  aa 
ascaeasaag  paafeCewt  gartacmady  in  dc 
caw  erf  «adteg£ufric&garay  to©w«di 
cal  apfacstaobo  ewer  tft*  D0O  wet- 
merit.  Owe  cotuieua  soecce  of  As 
bafaea^r  oavtobceotriadto 
pwUsws  wo  faaeeqf  syadaioaiza- 
fas  cm  K3^ype  carrier  sysaeawL  Af- 
dfagdi  the  procflei  is  acasady  dwe  » 
fwgjnicyirwSai^ 

20  Hz  rase,  it  shows  up  as  low  ire- 
qumqrphufUcr. 

TRUE  PHASE  JITTER 

As  mentioned  previously,  the  "Btfl 
standard”  measurement  mode  mini¬ 
mizes  the  effects  of  "raise"  on  phase 
Piter  measurements  by  rejecting  noise 
components  outside  the  "jitter  spec* 
trum".  The  measurement  is  still  sensi¬ 
tive  to  idedumd  noise,  single-fre¬ 
quency  interference,  and  signal-corre¬ 
lated  noise  components  within  a 
600Hz  band  surrounding  the  refer* 


Figure  3.  Band  limited  (“ Bell  standard "I  jitter  measurement  responds  to  frequency 
components  in  the  hand 20-300  Hz  each  side  of  test  tone . 
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prupuvnf!  tea  arietn# jtop  vaster  * 
yrani  mwosuflerwent  avpcctfvn**  “tsuie 
pdw&e  0can»'"  or  **  dbe  ti®  tttae  effects  cfl 
^mumT  wtxm  m  tfh  g.  trarsewr  5«  ribaM#*1  i 
Gmr  oil  tbwe  i©  6»  otecN*  n*e  effetes 
dfa*TL*s  us  aefksmtct  *gp*R 
aw2J  *Q£t£cp  «s  &»  iffiwfcirr  a  ffkmt 
gcocr  meawavawenc  wtdb  a  nwctftwrf 
acutettssi 

Ymr-%+*  TmiTmUnI 

E5  tfl  tg  scsgygfltrf  tReC  ©oe*  wafers  tfi* 
peas*  copotge  bund  rs  rmtrbwtinj 
sstoaagatBy  o©  tfee  pocr  reader 
same  rrfcV»rrai»gc  caw  be  §nint  by 
ctoe  refcsewee  gyafi  »evdL  Tn~ 
*z&a  wdB  be  woaffecaed  by  a  change  on 
fHbwa  Dead  Eadna  a  oorxol  ope 
acrag  racfrj.  Tfea  «  so  became  tree 
j«c  *s  a  ataevo  of  gagcaMosde 
bad  rjiao  Tfe*  rx»a  ttmam  aeturf 
regardless  of  is*  absolute  reference 
level  On  lV  c«*Jer  haod.  if  the  readaog 
rnrfrelfs  a  sdmnhtf  oontrbuticci 
to  ncnsagcjfl  cxrcUed  n>se.  it 
«ra  sKoar  a  sajncfcani  change  ant1) 
virato  in  reference  level.  Since  an 
tw  case  she  rose  level  as  independent 
ci  reference  level,  reducing  the  test 
tone  results  an  a  lower  srgnaMo-notse 
ratJO  and  an  increase  «n  ~jrtler" 
reateg 


This  «s  4  valid  techruQue  only  if  non* 
signal'  correlated  noise  is  involved  It 
will  noi  distinguish  between  true  phase 
jitter  and  the  effects  of  signal-corre¬ 
lated  nurse,  tittle  attention  has  been 
pauf  to  signal  correlated  noise  until 
quite  recently.  However,  it  is  assuming 
increasing  importance  as  more  and 
more  circuits  indude  at  least  one  link 
of  T-camer  or  N-carrier  Signal-corre¬ 
lated  noise  is  produced  by  such  factors 
as  compandor  action  and  Quantizing 
noise  It  occurs  only  when  a  signal  is 
present  Since  it  is  tied  directly  to 
signal  level,  it  goes  up  and  down  with 
the  reference  signal  level,  maintaining 
essentially  a  constant  stgnal-to-noise 
ratio  Thus  the  portion  of  the  jitter 
reading  contributed  by  signal-corre¬ 
lated  noise  behaves  m  exactly  the  same 
way  true  jitter  behaves  as  the  reference 
level  is  varied.  Because  of  the  in 
creasing  use  of  T  carrier  and  large 
number  of  compandored  earner  cir¬ 
cuits.  varying  the  reference  level  is  no 
longer  an  effective  means  to  identify 
phasr  Jitter 

Notched  Noise  Test 

The  standard  test  for  signal-correlated 

noise  is  to  make  a  "notched"  noise 


mm  a  2150  Hz  m  2tOP  Hz  bdWnj 
serve  bus  tot  wee  a  wW.  jMwegh 
r  aelwot  aid  in  ir  ear  prefer  j  a 
ftejimrni<4Siittdllii^ 
*cs  c*  the  boAdwg  am  were  out  of  the 
band  of  rarest,  the  exuded  ttomt 
^ewrtmrt  dd  not  iaeftade  any  har- 
cxscic  cowtritetion  from  the  Hddag 
tooe.  The  primm ry  orebusors  were 
nose  and  siy^ksntbed 
nocse.  The  onfry  area  of  ambiguity 
concerned  the  coct^bution  of  true 
phase  pttar.  If  the  notch  fHter  was 
sharp  enou^i.  the  measurement  would 
mdud e  the  contribution  of  the  true 
phase  fitter  sidebands  imparted  to  the 
hokfcng  test  tone.  A  eider  notch 
mould  reject  those  jitter  components 
falling  within  its  stopband.  along  with 
the  hokfcng  tone.  If  bne  assunvs  that 
all  phase  ptter  components  are  re¬ 
jected  by  the  notch  fed  not  included 
m  the  measured  signal-to-notse  ratio, 
one  can  refer  to  a  curve  of  signal-to- 
noise  ratio  vs.  phase  jitter  (in  degrees) 
to  find  the  contribution  that  the  noise 
makes  to  the  jitter  reading.  By  com 


gwdhg  dfescwcoribea  ew  awe  r—  pi  a» 
appuuii— den1  wf  fewm— ^feec»— r. 


mi  vo  wouc  radio  nay  so  tovger  po- 
uade  a  vobd  thdcauow  of  be  awomiff 
of  be giaer  rr  wtwg coevrheded 
by  noiar  Tfe  pomst  «  Astoaed  by 
Figure  4  which  shows  a  tpecaea 
aotfyaer  m  of  a  droit  which  has 
Sow  nowe  but  dtaarfy  defined  phase 
pnor.  However,  there  is  aiso  reason¬ 
ably  high  harmonic  content.  Bence, 
the  sgnatooott  ratio  is  significantly 
dtoeaed  due  to  the  harmonic  coc.tri 
betaon.  If  one  were  to  translate  the 
sgd-ltoK  ratio  into  degrees  of 
phase  jitter,  the  pha*  jitter  reading 
might  togkady  be  attributed  to  noise 
effects,  where  it  actually  is  due  to 
"tiue~  phase  jitter.  Consequently  ap 
preoabie  harmonic  content  can  cause 
misinterpretation  of  the  notch  node 
test  results. 

This  should  not  be  taken  as  an  indict 
ment  of  the  notched  noise  test.  One  of 
the  reasons  for  lowering  the  test  fre¬ 
quency  for  the  notched  noise  test  is  to 
include  the  contribution  of  harmonics 
in  the  test.  This  makes  it  a  more 
valuable  test  for  overall  circuit  eva lua- 
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twee  of  iOMM^nf  onbed  or 
o*mi  ft  simpfty  taoMi  the  coo- 
pma  of  a  rumbrd  $ner  aesi  to  a 
•iAhiM  toe  ahich  iaefodhs  thecon- 
tribr!i(Mof  none  cocpowenff  hot 
f  tkt  tone  and  aB  harmonics. 
Tfe  wtfted  Met  can  be  modes aw- 
pfy  by  Matching  out  the  loapiss 
(Birring  of  the  TT1  1200  series  phase 
jtar  teat  sat  and  Naming  the  effects 
of  aN  noim  componmtt  from  300  Hz 
to  fie  upper  hnt  of  the  channel 
bandwidth,  exempting  the  test  tone 
and  its  harmonic*.  Fgrt  5  shows  a 
compel  ji  of  the  test  set  response  in 
owae  two  operating  modes.  From  the 
cune  h  ts  apparent  that  the  wideband 
maponee  of  fe  instrument  is  caapait- 
bit  to  a  notched  noise  test  (with  very 
sharp  notches  at  the  test  tone  fre 
Quancy  and  its  harmonic  frequencies}. 
This  measurement  "sees"  ail  noise 
contributions,  whether  signal  corre¬ 
lated  or  unccneUted,  without  recog- 
nixing  discrete  harmonic  component* 
Furthermore,  since  the  detector  char¬ 
acteristics  and  the  meastrenent  units. 


MgtK  First  suppose  pheaa  pttar  « 
ptaat,  and  suffocatf^  hi0i  to  over¬ 
ride  the  now  on  the  ddssL  la  such 
a  case  wa  votid  expect  die  readmg  in 
die  bead  limited  modb  to  be  approori- 
matefy  the  same  as  diet  in  die  wide¬ 
band  aodi  (both  modes  are  My 
respond*  to  the  dominant  pham  jrtter 
wvd>  relatively  no  contribution  horn 
die  broad  band  noise  paast  on  die 
dram.  Now  suppose  that  there  is  no 
phase  jri.fer  on  the  channel,  but  that 
substanr  ial  noise  is  present,  hi  this  cam 
there  well  be  phase  jitter  readings  in 
both  the  band-tinkled  and  wideband 
modes.  However,  the  wideband  read¬ 
ing  is  sensitive  to  a  much  wider  band- 
wS&h.  Hence,  we  would  expect  the 
wideband  reading  to  be  substantially 
higher. 

These  two  cases  are  illustrated  by 
actual  spectrum  analyzer  traces  in  Fig¬ 
ures  6  and  7.  In  both  cases  substantial 
harmonic  content  is  present.  However, 
due  to  the  inherent  nature  of  the 
phase  jitter  measurement,  this  does 


not  affect  Wtm  the  baad&xwsed  or 
dhe  wideband  mode.  Tlmcfeac^aBss- 
araaad  by  Figwe  6  has  aoetpobfie  rwwse 
eofitaag  but  sbmtd  phase  ^tter. 
Even  «vAod  die  specanum  aodyzer 
fw  pouU  be  wmdMr  apparels 
bone  a  comparison  of  die  two  read¬ 
ings:  15*  for  dm  phase  pier  redes 
and  9jf  for  the  wideband  reading. 
This  comparison  indfeate*  tnat  the 
phase  jitter  readfrg  is  tnufy  phase 
ptter,  wvdi  relatively  tittle  contribu¬ 
tion  from  wideband  noise  compo¬ 
nent* 

Hgm  7  ffustraces  a  cfcaad  which 
has  substantial  wideband  noise  and 
virtuaBy  no  phase  jitter.  A  rapid  com¬ 
parison  of  the  two  readings  can  be 
shown  to  indcM  this  situation  to  a 
relatively  unakMad  operator.  The 
phase  jitter  reading  is  RO  degrees, 
while  the  wideband  reading  is  160 
degree*  The  standard  phase  jitter  reao- 
ing  is  lower  than  the  wideband  reading 
because  it  sees  a  narrower  band  of 
noise.  Whenever  noise  throughout  the 
full  34cHz  channel  width  is  the  pri¬ 
mary  contributor  to  both  readings, 
and  little  or  no  phase  jitter  is  present, 
it  can  be^shown  that  the  standard 
phase  jittes?  reading  will  be  approx: 
mately  orifthalf  that  of  the  wideband 
mode.  This  is  because  the  effective 
bandwidth-of  the  standard  phase  jitter 
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Figure  5.  STANDARD  measurement  mode  responds  to  approximately  700  Hz  bandwidth  centered  about  test  tone ,  white 
WIDEBAND  mode  provides  virtually  fiat  response  above  300  Hz  with  notches  at  harmonic  frequencies.  Comparison  of  readings 
in  the  two  modes  provides  the  basis  for  isolating  true  phase  jitter  from  the  effects  of  noise. 
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Figure  6 l  Spectrum  analyzer  shows  high  phase  jitter  and  relatively  low  noise  (Test 
Set  iltHs.  not  respond  to  harmonics).  Nearly  identical  STANDARD  and  WIDEBAND 
readings  (8,5“  and  9. O'* i  indicate  true  phase  litter. 


Figure  7  Spectrum  analyzer  shows  wideband  noise  and  no  phase  fitter.  Comparison 
of  STANDARD  and  WIDEBAND  readings  (8.0°  and  16.0 °)  indicates  the  "phase 
fitter  "  reading  is  due  to  noise  effects,  and  not  true  phase  fitter. 


mode  is  essentially  one  fourth  the 
bandwidth  of  the  wideband  mode. 
Assuming  a  flat  distribution  of  noise 
across  the  channel  the  standard  phase 
litter  mode  will  see  only  one  fourth  of 
the  noise  power  seen  by  the  wideband 
mode  This  represents  a  six  dB  differ¬ 
ence  between  the  two  measurement 
modes.  Since  the  degree  readout  is  a 
voltage  representation,  a  six  dB  signal 
difference  shows  up  as  a  two  to  one 
difference  m  readings.  In  the  example 
illustrated  by  Figure  7,  a  phase  litter 
test  alone  would  have  indicated  a 
marginal  jitter  reading  Without  the 
wideband  mode  comparison,  this 
might  hdve  led  to  unwarranted  correc¬ 


tive  efforts  aimed  towards  locating  a 
non  existent  source  of  phase  jitter. 
With  the  wideband  mode  comparison 
the  problem  with  the  channel  is  im¬ 
mediately  determined  to  be  one  of 
high  broad  band  noise. 

A  similar  comparison  technique  can  be 
used  to  isolate  the  effects  of  low 
frequency  jitter  {below  20  H2).  For 
this  test  we  can  switch  out  the  sharp 
20  Hz  highpass  filter  following  the 
phase  jitter  detector,  leaving  all  other 
parameters  the  same.  Figure  8  shows  a 
comparison  of  the  instrument  response 
in  the  standard  phase  jitter  mode  vs. 
what  we  choose  to  call  "standard  plus 


low  frequency".  Agjn,  a  sample  com¬ 
parison  technique  may  be  utilized  by  a 
relatively  unskilled  operator.  If  the 
two  readings  are  the  san?#  the  low 
frequency  components  are  negligible. 
However,  if  the  standard  plus  low 
frequency  reading  H  higher,  it  is  readi¬ 
ly  obvious  that  substantial  low  fre¬ 
quency  comp onents  are  present. 

HARDWARE 

TTI's  phase  jitter  measurement  tech¬ 
nique  rests  on  patented*  circuitry 
which  measures  zero  crossing  varia¬ 
tions  digitally.  Its  post-detection  signal 
contains  no  vestige  of  the  fundamental 
reference  frequency.  Since  there  are 
no  arbitrarily  imposed  restraints  on 
the  bandwidth  that  the  instrument  can 
see,  measurement  bandwidth  can  be 
selected  at  will. 

The  TTI  1200  series  phase  jitter  test 
sets  reflect  the  use  of  multi-pole, 
active,  computer-designed  filters  to 
provide  the  sharpest  practical  cutoff  at 
the  band  edges.  This  approach  pro¬ 
vides  clearly  defined  information  for 
use  in  interpreting  phase  jitter  read¬ 
ings. 

TTI  1200B  PHASE  JITTER 
TEST  SET 

TTI's  basic  phase  jitter  set  is  the 
1200B,  a  second -generation  version  of 
the  widely  known  1200.  The  1200B 
provides  the  three  operating  modes 
described  on  the  previous  pages.  These 
three  operating  modes  are  designated; 
"standard,”  "standard  plus  low  fre¬ 
quency,"  and  "wideband."  A  compari¬ 
son  of  the  readings  in  these  three 
modes  permits  even  a  relatively  un¬ 
skilled  operator  to  distinguish  between 
true  phase  jitter,  wideband  noise,  and 
low-frequency  jitter.  Interpretation  of 
the  readings  merely  requires  a  glance 
at  Table  1,  which  shows  the  results  to 
be  expected  in  each  of  the  three  cases. 

The  instrument  has  been  carefully 
designed  throughout  to  b  easily  used 
by  even  non-technical  personnel.  At 
the  same  time  however,  it  is  an  accu¬ 
rate  and  powerful  tool  for  the  more 
skilled  operator  who  may  be  attempt¬ 
ing  to  trace  a  particularly  "knotty" 
jitter  problem.  The  test  set  is  designed 
strictly  on  a  plug-m-and-read  basis. 
The  phase  lock  circuitry  automatically 
locks  to  the  incoming  signal  fre¬ 
quency.  Furthermore,  there  are  no 
level  adjustments  to  make.  The  instru¬ 
ment  accepts  any  test  tone  level  from 
-40  dBm  to  +10  dBm. 

* Patint  No.  3,737,766 
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Figure  8.  STD  +  LF  measurement  mode  responds  to  low-frequency  perturbations,  as  well  as  standard  phase  jitter.  A  higher  STD 
*  LF  reading  verifies  the  presence  of  low  frequency  phase  jitter.  (The  plots  have  been  expanded  on  each  side  of  the  reference 
(one  to  show  more  clearly  the  low-frequency  filter  characteristics.) 


Table  I.  Isolation  of  transmission  impairments  by  comparison  of  operating  modes. 


MEASUREMENT  ] 

IMPAIRMENT 

STD  +  L.F. 

STANDARD 

WIDEBAND 

X 

X 

2X 

Wideband  noise. 

X 

X 

X 

True  Phase  Jitter. 

>x 

X 

X 

Phase  perturbation  below  20  Hz 

X 

X 

>2X 

Single  Frequency  Interference. 

z 

FtQun  9  The  basic  Phase  Jitter  Test  Set  the  t 2008  which  can  be  equipped  with 
the  1 201&  Hit  Monn  sh  wf-  >n  Figure  ‘Of 


In  the  standard  mode  the  instrument 
accepts  a  reference  signal  frequency  of 
1020  Hz  ±40  Hz.  Should  the  reference 
frequency  go  outside  these  limits  the 
display  automatically  blanks.  These 
same  reference  frequency  limits  apply 
to  the  "standard  plus  low  frequency" 
mode.  However,  in  the  wideband  oper¬ 
ating  mode  the  instrument  will  accept 
any  reference  frequency  from  500  Hz 
to  3  kHz. 

The  digital  display  provides  an  unam¬ 
biguous  jitter  reading  with  resolution 
of  0.1  degree  over  the  entire  range  of 
the  instrument.  For  rapidly  varying 
jitter  frequencies,  a  push-button  damp¬ 
ing  switch  allows  the  operator  to  slow 
the  refresh  rate,  averaging  the  fluctua¬ 
tions  over  a  one-second  interval. 

Input  impedance  is  pushbutton  select¬ 
able  for  600  or  900  ohms,  terminating 
or  bridging.  An  input  return  loss 
greater  than  30  dB  is  met  throughout 
the  VF  band. 

A  stable  1010  Hz  oscillator  is  incorpo¬ 
rated  in  the  1200B.  A  convenient 
front  panel  jack  makes  this  reference 
signal  source  immediately  available. 
The  output  level  is  switch  selectable 
for  0  dBm  or  -29  dBm-normal  data 
transmit  levels  at  a  subscriber  drop  or 
VF  patch  bay,  respectively. 

Terminals  on  the  rear  panel  provide  a 
convenient  analog  output  which  may 
be  connected  to  an  oscilloscope,  spec 
trum  analyzer  oi  other  display  device 
for  detailed  analysis  of  the  detected 
ohase  jitter  signal 
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